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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

Y

, 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 ou:cgroups. 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 o
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 geheral, 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 bydropsychids.
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INTRODUCTION

Body size and shape have impoﬁgmt ramifications on an organism’s ability to
function énd survive. Both size and shape can determine critical processes at all levels of
~ biological orgamzatlon-- from metabohc rates to the outcome of interspecific interactions
(Schm1dt—N1elsen 1984). Calder (1984) c1a1ms that “...any blologlcal 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, Charnov 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 impor;‘.ance...”(p. 214). Furtheﬁnore, at
present there is no eomplete and coherent theory of body size and scaling, although
several a’ctempts have been fofwarded (Gould 1966, Calder 1984, “Schmidt-Nielsen 1984).

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

size and shape differences (Darwin 1859). Of partieular interest is the phenomenon of _ |

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

'_ 'b‘ody sizes. SSD is relatiyely eonlirnon among a wide range of organisms incl'uding

| insects (Alcock 1993, McLain et al. 1993), crustaceans (Shuster 1992) end mammals
(Owen-Smith 1993). Morphologlcal dlfferences are often reflected in behav1oral
differences between the sexes. For example females of the butterﬂy Euphydryas

| Dphaeton, 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, Iappendages (Moore and Wilson 1993, Roff and Fairbairn 1993),
internal organs (Calder 1984), physiology (Gilchris.t .19.90, Baile}; and Romer 1991,
Radhika et al. 1998_), development anci grc;vvth (Rejss 1989, Ernst and Wilgenbusch
1998), behavior (Gilchrist 1990,- Roelke and Sbgard i993, Svgnsson 1997), and even
mortality (Shuster 1990, Owen-Smith 1993) may all be sexually dimorphic. |
SSD and other fonris of sexual dimorphism have been the subj‘ect of recent review
papers. (Slatkin 198;1, Shine 1989, Fairbairn 1990, 1997 #543, Nylin and Wendell 1994,
| Andersson and Iwé_sa 1996), and é nﬁmber of hypoth'eses, both non-adaptive and |
adaptive, have emérggd (see Backgrouhd section below). The most widely in\.loked non-
' adaptive hypot'_hesi.s for SSD and sexual dimorphism is phylogenetié history (Fairbaim
1990, Nylin and ,Wendell 1994). In this'scenario, sexual dimorphism may i)e. the resﬁlt 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 ecc_ilogical selection, either
singly, '6'r in combination, have all been implicated in the production of sexual
" dimorphism (Slatkin 1984, Shine 1988, 1989, Fairbairn 1990, Andersson and Iwasa

1996, Preziosi et al. 1996).-
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One fruitfui method of examining sexual dimorphism is by using allometrié
relationships, that is, how two traits vary with respect to each other (Webster 1992, Shine
et al. 1998, Tseng and Rowe 1999). For.e.xample, SSD, when _compared among taxé,
sometimes varies as-body size changes (Abouheif 1995, Fairbairn 1997). Alternatively,
within species, mérphological characters often s_cale with body size, a comxﬁon aspect of
SSD. Therefore, within species comparisons can provide information about how
morphological tréits differ between the sexes (Fairbairn 1990). Allometric methods are
particularly amena;t>le to dévelopiﬁg hypotheses about selective preséures apting on
growth, development', and behavior, botﬁ within and between taxa (Reiss 1989,
Klingenberg 1996, T:'s;eng and Rowe 1999).

The frequency and taxoﬁomic distribution of sexual dﬁnorphism in the caddi_sﬂy
family Hydropsychidae (Order Trich;)ptefa) has not been explored. Anecdotal
information about several species suggests that hydropsychids can be sexually dimorpilic,
in terms of body size (both males larger than females and females ‘Iarg,er than males)? and
other chgracters (Betten 1934, Ross 1944). Morpholdgical différence_:s could reflect |
behavioral differences between the sexes. These behavioral aifferences could be
manifested in both iarval and adult stages. For example, the dispersal behavio'r of
'C,eraz‘opsyc':he slossonae lérvae varies dependihg upon both size énd sex (Kerans 1992;
Kerans and Genito in prep; Jannot unpublished data). In the adults of other caddisflies
(Family Leptoceridae), morphologicél differences between the sexes ecﬁo behavioral
differences (Gullefors and Peterssbﬁ 1993). Guilefors and Petersson (1993) found that

male leptocerids that fly 1n copula with females have longer forewings than the females




L Y |

4
and these larger wings enhance the male’s ability to cérry her during copulation. Not
. much is known about the reproductive behavior and ecology of adult hydropsychids
(Badcock 1953, Mori and Matubani 1 953, Fremling 1960, Deﬁtsch 1984, 1985, Lofs’gedt
et al. 1994), and to my knowledge, no hypotliesesl have yet been posed about mating
strategies in adult Hydrobsychidae. |

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:

1) to determine the rqle of phylogény-in producing body size and sexﬁal size
dimorphism in the hydropsychids and compare the patt-ern with closely
related groups; |

_2) through analysis of allometiy, quantify the dis;[ributioﬁ and extent of éexual
| dimorphism iﬂ size and morphological characters and; |
3) to acquire background data on mu]tiple species of hydropsychids th;clt can be
. used to probose testable hypoth‘eées about adult disperéal, matir;g

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
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'Wendell 1994, Abouhelf 1995 Maly and Maly 1998, Zamudio 1998, Smith 1999, Stoks
1999) I use a strict deﬁnltion of SSD Wthh is, a ratio of the body sizes, measured as
body length of the two sexes. -
A considerable number of hypotheses hai/e arisen to explain -the occurrence of
SSD. Most have focused on adapti\}e mechanisms (see below). However, non-adaptive
hypotheses, such as phylogenetic .history, may also be responsible for patterns of SSD
- across taxa (F. airbaim 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 1_995, Andersen -1.997).
'Rather than the result of selection, differences among, and similarities between taxa may
only indicate patterns of descent (F airbaim l99(l). By placing sexual size dimorphism in
the context of phylogeny, this study highlights the patterns of selection versus
evolutionary history in hydropsychid caddistlies.
Allometry is a conspicuous component of patterns of SSD among species, and as
such, requires an explanation (Falrbalrn 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 F airbairn 1997, for review). Most
functional hypotheses either have no empirical basis, provide explanations only for
- limited cases, or cannot alone account for allometry i‘or SSD (Fairbairn 1997).
Rensch (-.1 960) proposed a general, descriptive rule for the relationship between

body size and SSD. This rule was proposed from empirical observations in numerous
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taxa that SSD generally. increases with body size in species where males are the larger sex
(Reiss 1989, Webster 1992, Fairbairn and Preziosi 1994, Abouheif and Fairbairn 1997)..

- Formally stated, if males are the larger sex, SSD will increase as body size increases; if
females are th_e_ larger sex, SSD will decrease with increasing body size (Rensch 1960,
Abouheif 1995).. Altefnatively, if for every increase in body size there is an equivalent

. increa;se in SSD (at the same scale), then there is no overall change in SSD across taxa.
This represents the null hypothgsis in tes’ts of allometry for SSD (Fairbairn 1990, 1997
#543, Abouheif 1995). There is no known mechanism describing why this pattern is so- -
prevalent (Abouhgif and Fairbairn 1997, F éirbaim 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 hydropsychjds follow Rensch’s rule.

Sexual Dimorphism and Selection

Sexual dimori)hism, whéther forbody size or other éharacters, is most often
_ attributed to adaptive selective pressures. Adaptive hypotheses include i)oth natural and
‘ se)_(uél selection. These two influences are very. often difficult to tease apa_rt; Sexual
§election acts on individuals, so that the sex with larger (or smaller) character(s) have
increa;sed mating success. The offspring of successful in&iv@duals will have, on average,
larger (or smaller) character(s) and therefore increased mating success. The process will
| continue (until balanced by opposing selectiAon) to select for larger and larger (or smaller
and smaller) charactér(s), cregting sexual dim'orphism.. In species where sexual

dimorphism is selected for by natural selection, it is some dimension of the niche that
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deterfnings sexqal dimorphism. Presumably, natural selection acts differentially on the
sexes. For example, sexual size dimorphism may become.estab,lished if larger individuals
of one sex have an advantage over smaller ones when exploit'ing 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 ofi 1ts (presumed) testable and parmmomous nature (Shlne 1989). Butas
Falrbalm (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 seiection (Fairb.airn 1990).. Moreover, sexual selection may be no more
testable than natural selection (Shine 1989). |
| - The idea that sexual ciimorphism may have arisen through pressures from natural -
-~ selectioﬁ hés only recently been seriously entertained (Shine 1989, F;iirbaim 1990). Any
ecological difference displayed between sexes could set the stage for selecti‘on for sexual
dimorphism. For instance, niche partitioning between the sexes could be caused by
.competition bétweeﬂ 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 passiv‘e consequence of éexual 'dirr.lorphism. Any adaptation
. to similar local environments would ac;t to reduce the effects of sexual dimorphism (Shine
1989). |

The evolution é.nd maintenance of sexuai dimorphism by natuiral selection is

often difﬁcult to demonstrate. Nop.etheless, several alternative hypotheses have been

proposed. These hypotheses are not exclusive, and any or all may be at work alone orin
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combination in any given taxon. There are at least three rhaj or adaptive hypotheses_fhat
recur throughout the literature. These are the-"'Developmental Constraints Hypothesis",
the "Loading Constraints Hypothesis", and the "Migration by Flight Hypothésis".
| The Developméntal Constraiﬂts Hypothesis wés proposed by Thornhill and
Alcock (1983, p. 10,3'); This hypotilesis assumes that ‘body size is positively cor;eiated
. with fecundity and development time in females. It follows that fe‘males, in order to
'ma)’(imize their febundity, would be un(ier selective pressure to have long development
times. A longer development time allows females to acquire m.ore resources for growth
and présumably a larger' body. Inmales, réproductiye success does not directly correlate
with body size, implying that males are under selective pressures to mature quickly éo
that they can enter the breeding popﬁlation and maximize fitness by copulating as many
times as ppssible. If juvenile mortality is high, selection would strongly f;'cwor quick male
development. This mechanism seems to account for protandrous males (males maturing
. p.‘rior to females) and se);uai size dimorphism biased toward larger females (Thornhill énd
Alcock 1983, Fairbairn 1990). This process may be paﬂiéularly important in insects
where growth and reproduction occur in separ;el;ce life stages (Thornhill and Alcpck 1983,
Honek 1993). | |
| A second hypothesis often invoked as a mecﬁanjsm of selection for sexual
aimorphism is the Loading Coﬁstraints Hypothesis. _This hypothesis predicts thaf one
sex is under a "l6ad" which the chér sex does not experience. For exmple, in. water
striders of the famil}.r 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 enérgy expenditure (Arnqvist 1989). Risks are proportionally highér for
émaller females, énd thereforé Selection produces larger females, and a female-biased
sexual size dimorphism (Fairbairn 1990).
Another possible hypothesis is the Migration by Flight Hypothesié. This
hypothesis suggests that increasing body size is positively correlated with the vélocity,

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

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

oviposit or search for ma;ces would .also be. selec;[ed to have lérge b'ody- sizes. Depending
upoﬁ the éystem this could promote or maintain sexual d.imorphism, or it coulci reduce the
effect of sexual dimorphism (F air_bair_n 1990). | |
| Sexual dimorphism could be produced by‘ selective pressures acting on different
stageé (lothe':r than the sexual stage) of an organism with a complex life history. For
examplé, selection acting on the larval stage of an organism migh;c_ affept the adult stage
in various ways. In some.aquatic insects, includin:g most_Tﬁchoptera, females do not feed
signjﬁcaﬁtly in the adult stage (Mérritt and Cummins 1995). This .means that all the
resources necessary for egg production (selectivé force in the adult stage) must be -
acquired in the larval stage. In this éase, female larvae would Be under seleétive pressure

fo delay development and increase the grthh period as long-as possible.

Sexual Dimorphism and Allometry 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

P4
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within taxa, that is the relationship between body siée and 6thér morphological characters
(Ernst and Wilgenbusch 1998, Tseng and Rowe, 1999). |

Ailometrie 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 orgénizational levels of the organism (e.g., chemical,
physiological, morphological). Growth is the most obvious peridd in an organism’s life
when allometrsf plays an important role. Studies of allorﬁetry as an organism grows, or
ontogengtic allometry, requires that character measurements be .f[aken on the same
individuals over time (Gould 1966, Klingenberg 1996).

In this study, I have qoncentrated on two other types of allorﬁetry. St.atic
allometry, sometimes known as size allometry, ié'the variation ambné 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 infonﬁatibn about sex.ual'
_ dimorphism within species (this study, Chapter 3; Tseng and Rowe 1999). Most studies
haye found that ene yariable is adequate for predicting character size or shape and thaf a
'model of simple static allorﬁetry is appropriate (Kliﬂgenberg 1996). This model is ‘often
given by the relationship:

Y = aXP
which when log transformed becomes:

log Y=1logoa +BlogX
where X and Y are trait méasurements and o and B are constants. Log « 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 hypdthesis is isometry, that is for every change in X there is an
equivalent change in Y and :B =1.0.

This equation hgs a long history and is a good descriptidﬁ of various size-,
mediatéd biological prolcesses across all levels of ofganization (Huxley 193’2,‘ Thompson
1942, Gould 1966, Reiss 1989)'. Recently, researchers have begun to question this fnodel
as a universal descriptor (see discuésion in Reiss 1989, and references therein). In many
cases, e;xact, pquimg‘;e ‘mechanisms responsible fqr allometry aré unknown (Klingenberg
1996), although, some heédway has been made in recent years ;CO describe the ungierlyiﬁg
developmental processes that give rise to static allometry (Emlen 1996; Nijhout and-
Wheeler 1996,.1998).

The final type of allometry (and the other type this study addresses) is
evolutionary allometry. This type of allometry reflects covariatigin among cha.nges in
. Qifferent traits along branches Qf a phylogeny (Go{lld 1966, ;efers to this_ as intersl-)eciﬁc
>allometry’, Klingenberg 1996). Tﬁe data collected on evolutionary allometry may take .‘
two forms: a) comparisons may be made between exfant, closely related spécies (non-
directional data, Harvey and Pa'gel' 1991); or bj cbmparisons may be rﬁade élbng 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 o.nly (non- Fiirectional data). This method requires that allr specimens
~ be in the same dévelbpmental 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 evblutionary allometry is that species, because they
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are related, do not form independent data points (Harvey anci Pagel 1991, Klingenberg ‘
1996). Comparative methods require special statistical analyses to circumvent this
problem (Harvey and Pagel 1991, Nyliﬁ and Wendell 1994).

- Allometry at differ~ent ievels (ontogenetic, static and evolutionary) are often
correlated and interdependent. Variation in developmental processes (ontog.eny) creates
variation.in terminal characters (static). Variation in termiﬂal structures determines the
behavioral abilities and constraints (and ultimately, success) of individuals within a
population, and is thefeby the raw material upon which sele;:tion can act (McPeek 1995).
Comparisons among different levels of allometry often reveal that patterns aré similar
' ‘among levels bﬁt not identical (Klingenberg 1996). Compéring 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.

Céddisﬂies

Caddisflies (Order: Trichoptera) are close relatives to Lepidoptefa (Merritt and
Cummins 19-.95). They are holometabolous insects, passing through égg, larvae, pﬁpae
anid adult stages (Ross 1944,.Merritt a_nd Cummins 1995). The larvae 6f most species are
aquatic and rela_tively 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 w1;despread throughout stream systems and larval biology
is relatively well known (Alstad 1978, Cuffney ahd Minshall 1981, Hauer and Stanford .
1981, Miller 1984, Georgian and Thorp 1992, Kerans 1992; Merritt and Cummins 1995,
Wiggins 1996,.Englund et al. 1997). Larval hydropsychids build silken nets that they use
to filter partieles from the water columh (Merritt and Cummins 1995, Wiggins 1996).
F iltered particles range from fine bacteria and phytoplanktohic particles to detritus and
invertebra;ces (Morse 1993, Merritt and Cummins 1995, Wiggins 1996).

Much less is knolwn abouf‘ the behavior and habits of adult Hydropsychidae.
Some adult hydropsychlds form swarming aggregatlons most 11ke1y 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 swirh underwater to
" oviposit (Badcock .1953, beutsch 1984, 1985). However, most of these records are
observational or anecdotal. To my knowledge, ther‘e are no observations or hypotheses

about rhating strategies in adult Hydropsychidae.

’ There are five currently recognized subfamilies of the monophyletic -
Hydropsychidee femily: Arctopsychinae, Diplectrorﬁnae, Hydropsychinae, Smicrideinae
and Macronematinae (Figure 1.1; Flint et al. 1987, Schefter 1996; J. Morse, Clemson
University, pers. com.). The North American Arctopsychlnae 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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,Philopotamidae-Tphilopotaminae-
LChimarrinae------

=Xiphocentronidae.
—_— Paduniellinae-
Psychomyiidae- I
Psychomyiinae-
-Dipseudopsidae-

pAretopsychinae
Diplectroninae
*Hydropsychidae-

r-Hydropsychinae.

Smicrideinae-

Macronematinae

-Polyeentropodidae-

LEcnomidae-

Wormaldia (O)
Dolophilodes(l)
Chimarra (2)
Xiphocentron (0)
Paduniella (0)
Tinodes(P)

Lype (1)
Ps/chomyia (1)
Phylocentropus (2)

Ardops/che (2)
Parapsyche (1)

mHomopledra (0)
' Diplectrona (I)

*Cheumatops/chefi)

mCeratopsyche (6)

mHydrops/che (6)
*Potamyia (1)
Kmicridea (3)
Macrodemum (2)
Leptonema (1)

Neureclipsis (2)

Polyeentropus (2)
Austrotinodes (0)
Stenopsychidae (0)

Figure 1.1 Hypothesized relationships of the caddisfly suborder Annulipalpia in
North America. Numbers in parentheses represents the number
of species examined (adapted from Schefter 1996, Wiggins 1996,

Weaver and Malicky 1994).
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species in six genera (Morse 1993.,.Wiggins 1996). The relatively newly erec'f[ed
sﬁbfamily Smicﬁdeinae includes foﬁr North American species in a single genus (Mefritt
and Cumnﬁns 1995, Schefter ~1996). In tile subfamily Macroneniati'nae, only four species
from 2 geﬁera occur in the United Stat.es-(Be'tten .1 934, Morse 1993, Wiggins 1996).

| “The five subfamilies contain characters that sepa;rate them into distinct groups
(Fiint et al: 1987j. Distinctive characters in the larval sftage include: the number of spings
on the anterior margin of each foreleg in the fifth instar, the lshape of th mandibles, the
shape and numb.er of abdominal gills, and the shape of ;the .submentail gular area under the '
' head (Flint 1974, Wallace 1975, Flint etal. 1987). Adult characteriétics that separate
subfamilie; are variations in: the shape of the wings and antennae; the post-costal cell
(cu,) in the forewing; the form of the wing coupling mechanism; and the tyi)e of male
genitalia (Flint 1974, 1587; J. Morse, pers. comm.).

At this point in time, the rélationship betweep the Arctopsychinae and
Diplectroninae remains unresolved, although the e_viden'ce suggests that one of these two
subfamilies is the most basal group witﬁin the Hydropsyéhidae (F liﬁt et al. 1987, Schefter
1996). The thre_e derived (and demonstrably ﬁlonophyletic) subfamilies could have
evblved from a common Diplectrqﬁinae ancestor. Tﬂere are two genera of
'-Dip.lec;croninae, Oropsyche Ross.and Homoplectra Roés, that are very éimi_lar to
Arctopsychinae in most respects, although, there are a few important differences. Species
of Oropsyche and Hombpléctra have more completé wing venation and the apices of the
subcostal and radial veins in the hjnd wings cuﬁre slightly forward. This curvature

becomes much more pronounced in other genera of the subfamilies. The forewings are
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narrower and the tips of the aioical veins are fused in the hil’-ld wings of both the
Hydropsychinae and the Macronematinae (Flint et al. 1987). "fhis evidence led
researcher‘s. to suggest that Hydropsychinae (including Smicrideinae) and - |
Macronematinae probably rose from a common aﬁcestor (Flipt ét al. 1987, Schefter
1996). Schefter’s analysis (1996) of the subfamilies, ﬁsing moderh phylogenetic
techniques, supported monophyly for the Arct'opsychjnal.e and a more restricted
Hydropsychinae. Her analyéis iolaced the Smicfideihae as a sister group of the
Macronematinae.. However, monophyly of the Diplectroninae was not supi:vorted by her
analysis (_Schefter 1996).'

The hydropsychid caddisflies are an interesting gfoup in which to examine sexual
dimorphism and SSD. The taxonomic literature suggests that species show a wide \‘/ariety
- of patterﬁg: females larger t:han.males; males larger than females; and neither sex larger
(Betten 1934, Ross 1944; Jannot unpub. data). This plasticify suggests that selection acts
on morp}.lologif in various ways. For example,"natural selection probably plays a
relatively larger role in the larval feeding stage, wherevas sexual selection may be more
important in the adult sexual stage. If one éex is larger in the adult stage (because of
selective pressures in the adult stage), seléction may~.act in the larval stage to increase
food consumptidn or quality. In other w‘c;;ds, morphological adaptations in the adult
stage may be p;oduch by behavioral adaptations in the larval stage, or vice versa. By
' placing SSDina pﬁylogenetic contei(t, .I hope to ilighlight evolutionary pathways where

selection might be acting to produce sexual dimorphism.
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Very little is known abouit thg specific ecology-of adult hydropsychids, although
selective pressures in the adult étage could have impacts on the larval stage. F or. example,
wing shape could piay a role in determining distribution, coloﬁzation, and succession in
aquatic invertebrate assemblages, since females fly to disperse and oviposit (Jackson
1988) and in many aquatic inse(;ts, including caddisflies, adults forr‘n .niating S\;varms
(Allan and Flecker 1989, Petersson 1989, McLachlan and Neems 1995). Studies of other
organisms have s‘hown that m;)rphology is important in structuring communities,

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

The relationship between adult morphology and behavior in céddisﬂies has rarely

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

species sexual selection operatés on the adults. Adult behavior correlates with
mofphological ciiaracters and d’iffers between sexes and among species in the caddisfly
family Leptoceridae. For example, in the spéci/es Mys'z‘acz'de.g azurea, females fly towards
a éroup of swarmiﬁg rﬁales. The males quickly épot the female and race towards her. |
She turns and begins to fly awéy rapidly. The first male‘ to catch the female, flies with her
to veéetation to copulate. Two morphological characters, eye size and wing length, were
found to be correlated wit.h spotting the female and catching her in flight. The males had
g iarger eyes for spotting females and longer wings for faster flight to gatch the females

(Gullefors and Pefersson 1993). In effect, the females were "choosing" males with larger
eyes and longer wings (Solem and Solem 1991). In another species, .Az‘hrz'psodes

commutatus, females and males copulate while flying and the male must carry the
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' female. If the male caninot 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 hydropsychld females to produce sex-specific characters For example, it
has been noted that W1th1n several species of hydropsychid caddisflies, females.crawl or
swim underwater to deposit their eggs (Badcock 1953, Deutsch 1984, 1985). Ross ’(1967) :
‘and Deutsch (1~985_) observed that females in several families of caddisﬂies, inciuding _
hydropsychids, have expanded, flattened legs. Both authors sugéest that this aided the
female dur_ing the underwa;cer 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 pablicaticn. In 'chap’Fer 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 Hydropsfchidae. I outline the
relationship between phylogeny and body size and between pIdylogeny and sexual size -
dimorphism. In addition, I test for allometry for sexual size dimorphism across species.
AIn chapter three I examine static and evolutionary allometry witldin’adult hydropsychids.
Static allometric relationships of characters other than size are examined between sexes,
within species, to determine what strdctures, if any, are éexually dimorphic.

, broader w1dgs (Ross 1967). thht differences in varymg environments may be reﬂected
in behavioral dlfferences For example narrower, longer wings mlght have developed in
conjunction with sexual behav1or_ where males must “chase” females in flight prior to

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

species that might be interesting models to test some of these proposed hypotheses.
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The results of this study are organized into two chapters, e_acﬁ of which is self-
contained and written in a format suitable for peer-reviewed publication. In chapter two I .
etxamine the role of non-adaptive hypotheses in the evolution of body size'a_l_na sexual size
dir‘norp.hism' across species within the caddisfly family Hydropsyclﬁdae. I outline the
relationship between phylogeny and body size and between phylogeny and sexual_siée
| 'dimorphism. In addition, I test for allometry for sexual size dimorphism across spet:ies.
In chapter three I examine static andlevolutionary allometry within adult hydropsyt'chids.
Static éllometric rélationshtps of characters other than size are examined between ’sexes,

within species, to determine what structures, if any, are sexually dimorphic.
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BODY SIZE AND SEXUAL DIMORPHISM IN HYDROPSYCHID CADDISFLIES

(TRICHOPTERA: HYDROPSYCHIDAE): PHYLOGENY AND ALLOMETRY
- FOR SEXUAL SIZE DIMORPHISM

Introduction

_ The goal of evolutionary biology is to in’rerpret pattems of present day biological .
diversity and phenomena that are the result of largely historical processes. Since these
processes are h1storlca1 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
rnsight into how selection operates (Futuyma 1986, Harvey and ~Pagel 1991, Gittleman -

| and Decker 1994). One of the most powerful methods used to study adapta;tion and
selection is the comparative method, where characteristics of gronps of closely related
organisms are contrasted (Harvey and Pagel 1991). |
Comnarativ_e 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 -;[0 the pattern. Comparative methods are then
employed to cautiously infer adaptation (Harvey and Pagel 1991) The evldence for
adaptive evolutlon revealed by these studies is merely correlatlve but nonetheless, can be
- informative and even compelling (Harvey and Pagel 1991). This process autornatically
assumes that the pattern(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 leaa to any new ihsight_s (Gould and Lewontin 1979). This
ﬁqay be especially true among speciose groups like the insects, where the choice of
species to use iﬂ a cominarative study may be émbiguous simply because of the
overWhelmiﬁg number of possible comparisons.
| An alternative to this approach is to use the comparative method to first test hon-
adaptive hypothese;s before assuming an adaptive role for the trait or pattern observed.
Non-adaptive explanations for character states simplsf acknowledge th_at the pattern may
_ not have been produced by natural selection currently operating on the trait. Non-
_'adaptive hypotheses fof character states presently observed in species include genetic
drift, plelotropy, 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, Fairbairn 1990, Webster 1992). This hypothesis pfedicts that
' closely related groups should have similar charécter states because of common patterns of
descent. Thus, variation in characters in extant species could exist because _of selective
pressures actiné on related ancestral species and may not necessarily be the result of
" present day sélective pressure. Not all evolutionary pathways are open to any group of

- orgaﬁisr‘ns at any one time because: a) developmental pathways are conservative and may -
: bé’ difficult to alfer; b) closely related taxa :cend- to evolve in similar niches; ¢) closely

related taxa have similar génetic variance for selection to act upo#; and d) closely related
. taxé héve similar pheri;)t.ypes that tend to respond to environmental change in a like

manner (Gould and Lewontin 1979, Futuyr_né 1986, Hafvey and Pagel 1991, Slater and




29

Halliday 1 994)i Therefore, in the absence of other information, the null hypothesis is that
closely related taxa shonld exhibit similar character states. |
Ilsing the comparative method combined with information on the phylo genetic

history, traits in extant species can be placed in the context of closely related taxa that
share a cominon ancestry and test the prediction that all groups are alike (Harvey and
Pagel 1991). .The elosely 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 'scienc'e
consideration of non—adaptlve hypotheses helps av01d Pang10551an adaptlve story-telling

(Gould and Lewontin 1979) Second non—adaptlve 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
| 1ntelhgently 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 tinie on comparisons that might 'proyide little or no new information. |

‘Tused the comparative method to examine phylogenetic constraints on body size

and SSD in caddisfliés of the family Hydropsychidae (Trichoptera). Hydropsychid
caddisflies are a ubiquitous component of the insect communities in stieams. There is a
considerable amount of information availahle on the ecology and behavior of the aquatic

lagval stage (Wallace 1975, Alstad 1978, Mackay 1979, Miller 1984, Thorp et al. 1986,
* Downes and Jordan 1993, Merritt and Cummins 19_95,‘ Englund et al. 1997). I—lowever,

much less 1s known about the reproductive behavior and ecology of adult hydrop‘sych_ids
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(Badcock 1953, Mori and Matubaﬁi 1953; Fremling 1 960, Deutsch 1984, 1985, L;)fstedt
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 iﬁ'the
Hydropsychidae. First, body size is a critical cc')mponent of rep;oductive biélogy and
mating systems in many types of insects and the imbortance of Body size can be différent
for the two sexes (Flecker et al. 1988, Berrigan and Locke 1991, Alcock 1993b,

" McLachlan and Neems 1995, Preziosi and Fairbairn 1996, Hémandez and Benson 1998,
Robertson 1998, Savalli and Fox 1998, Cueva Del Castillo et al. 1999). For example,l
mal_e body gize can be criﬁcal in male-male compe.titive interactiéns thgt determine access
to mates (Zeh et al. 1992, Hanks etal. 1996, Savalli and Fox 1999), whereas female body
sizé is often correlated with fecundity in insects (Hdnek 1993, Leather 1995).

Second, within a clade, there is often a correlation between SSD.and bédy size
(Fairbairn 1997). Rensgh (1960) proposéd a general, descriptive rule for this correlation
(Abouheif 1995, Abouheif and Fairbairn 1997, Fairbairn 1997). The -rule states that, i.n
élades where females. are the larger sex, there.is a negative correlation between SSD and
- body size and 1n clades where males are the larger sex, SSD and body sizé are positiv'ely‘

correlated (Abouheif 1995, Fairbairn 1997). This rule was propésea from empirical

'observétibns. ofa variety of taxa in_cludiﬂg, birds, mammals, and insects (Reiss 1989,
. Webster 1992, Fairbai?n and Preziosi 1994, Abouheif and Fairbairn 1997). ‘The

mechanism that produces these patterns is unclear (séé F airbaiﬁ 1997 for reviéw of

hypotheses).. Even so, Rensch’s rule has had wide acceptance and been applied to many




, | 31

taxa (Lelitén.egger 1978, Webster 1992, Abou'heif 1995, Abouheif and Fairbairn 1997,

" Fairbairn 1997). Fairbairn (1997) concluded that, because SSD was correlated with .body
size in~ such a wide variety of taxa @rimates to waterstriders), Rensch’s rule deserves
further study. |

Finally, .qualitative' infqnnation fror\n the f_axonomic literature on Hydropsy:chidae
' sﬁggests that species ..from this family may show either one of two pattérns of SSD
(females larger; males larger) or no SSD (f annot unpub. data, Betten 1934, Ross 1944).
Variability in SSD suggests that the reproductive biology and ﬁlating systems might also
differ among species. Since SSD is a measure of the ratio of malé to female sizé then
this ratio is probably impoftant during mating when the two sexes are interacting most.
The qualitative nature of this information is often conﬂiqting, based on small sample
sizes (a few individuals from eacil spééies) and, rﬁore often than not, anecdotal (Betten .
1934, Ross 1944; Smith 1968, Fliﬂt 1574, 1982, 1987). Thereforé, it is unclear which’
hydropsychid species would be the best candidates for comparati;/e studies of
reﬁroductive behavior.

My goal was to determme the 1mportance of phylogenetlc constraint as a _
mechanism producmg patterns of adult body size and SSD in extant North American
caddisfly species of the famﬂy Hydropsychidae. The study had two objectives. First, I
~ used the comparative method to examine how body size and SSD were distributed among
- the generé,within this family. Second, I used fhé comparative méthod to' exarﬁine the

correlation between body size and sexual size dimbrphism 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 seléctive 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 vﬁthin 10 genera, represenﬁng about
20% of the described North American species (see Results section, Table 2 2)

: Hydropsychld spec1es were randomly chosen W1thm genera (as far as possible by

- availability) and in proportlonA to the number of species in each genus. Ichose 1to3
species from eacﬁ' of the seven genera with between one aﬂd seven species (Arctgpsyche,
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 Amerlcan hydropsychid species (Wiggins 1996) Six
species wete examined from each of these larger genera (62% of the species examined).

C_addisﬂy species in the famﬂies Polycentropodidae (4 species), Dipseudopsidae

2 s'plecies), Phﬂopdtamidae 4 'épeqies) and Psychomyiidae (2 spe.c_ies') served as

~ outgroups and Were chosen in the same manner 'a'.s described for .the hydropsychids.

‘ Oﬁtgroups are taxa that are not consjdered to be amorig the clade of interest
(Hydropéychidaé); but are'cl.ose‘ly related tq this group (Futuyma 1986, Cam_pbell 1996).
It is iinportant to use an outgroup for comparison becguse,. if We observed the éafne
pattern (é. g.,.-'for body size) for all the taxa within the H'ydropéy'c'hidae, we .would not

know if this pattern was unique to the Hydropsychidae (and therefore due to selection on
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the hydropsychid- éncegtor), or if this pattern was shared by close relatives and therefore
. had evolved before the Hydropéychidae (Alcock 1993a). These outgroup famiiies are the .
closest relatives of the Hydropsychidae. The ancestor to thqse familie.s (inciuding
Hydropsychidae) djverged from ancestral Tficﬁoptera before they diverged from éacﬂ
other (Merritt and Cummins 1995, Schefter 1996, Wiggins 1996; J. Morse pers. comm.).
‘Therefore, s;_;ecies from these families were the best choice for outgroups (Futuyma
1986). Figure 1.1, adapted ﬁom the literature, providés a phylogenetic hypothesis for the
relationships of the families, subfamilies, and genera of the caddisfly sub.order
Annulipélpia (caddisﬂie;s whose larvae spin silk to make a fixed retreat) from Nortﬁ
Americ;a (Weaver 1984, 1994, Schefter 1996, Wiggins 19.96)'. All épecimeﬁs used in this
study were obtained from museums and collections in fhe United States and Capada
(Appendix B). |
Body length (BL) was used as an estimator of overall quy size. Body length was
- measured from the center of the head between the eyes to the posterior margin of the 8"
sternite to exclude genitalia. Body length measurements and sex determinations were
made with a ic;om stereoscopic microscope (Leica MZ6 mag.=8x) with a high powe';ed
. fiber-optic light source (V olpi Cold Light Source NCL 150). Length measurements were
made using an ocular micrometer (Leica) calibrated with a 5.000 mm stage micrometer
(Léica). In most cases I measured 20 individﬁais of _each( sex; however, this was not
aiway_s pos's'ible because some specimens wére damaged and some species were not
widely availablé (see Table 2.2 for sample sizes). '

I used two indices of sexual size dimorphism (SSDI) recommended by Smith
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(1.999). Both indices use ratios (?f the body 'lengﬂ‘l of one sex on the other. Ratios have
been widel}.f criticized on.statistical grounds (ngrbélim and Preziosi 1994, Abouheif and
Fairbairn 1997). However, ratios are easy to compute, provide a simple means fof
compérin‘g 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 thgt ratios
were étatistically robust and that two ratios, one on a linear scale and one on a logarithrhic R
| 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 médiﬁed by Smith (1999) into the “two—étep
ratio”. The two-step ratio is calculated differently depending on which sex islarger most
frequenﬂy in the data set. For example, in most iﬁsects (including hydropsychids),
. females are the larger sex, so the two-step ratio can be calculated, for each taxon as:

(1) If $BL > oBL, dimorphism ratio = $BL/¢BL, or

| (2)If §BL > ¢BL, dimorphism ratio =2 - 'o"BL/Q.BL;

where BL is the mean body léngth (body size indicator) of each sex. The ratio is linear, |
intuitive, and greater than 1 when females are lafger (the most fréquent pattern among
invertebrate species). .‘Values are linear and Iéss_than 1 when males are the larger sex. A
value equal to 1 indicates no SSb (Smith 19.99)’;

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

results using the 1ogarithmié ratio can differ from the linear form when the magnitude of
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dimorphism is lafge. The mean of the male and female BL for each species was used to
calculate both in.dices.. I examined both indices, but since the results from both were
almost identical, I only present results from the two-step ratio.
| To détermine whether body size is constrained by ﬁhylo geny within the

Hydropsychidae, 1 calculated the mean BL of each sex of each speci.'es. Species means
were used to visually compare mean BL among genera, within higher taxonomic ievels of
the Hydropsy'chidaé, and among the outgroups. I-used nested analysis of variance to

: calcuiate the amount of \'Iariati'on in BL attributable to each taxonomic level. Each sex -
was run éepe}rately, and every individual measurgd from each sex was included in tile
anélysis. The .variance in BL was calculated among individuéls within épecies (erfor,
term); among §pecies within genéra; among genera within subfamilies; among
subfamilies within fainilies; and among families in the sﬁborder.‘ 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 thé variation att;ibpted to differences among species within genera and
therefore represents the degree to which 'gerier:a constrain species; larger amounts of
variation indicate less cpnstraint (Bell 1989). The analyses were conducted using SAS
version 7.0 for Windows® (SAS Institute 1998)

To determine whether SSD is constrained by phylogeny, I used thé mean BL of

each sex to calculate the two-step ratio '(sexual size dimorphism index or SSDI) fér each
species. Values greater than 1 indicate species where -females are lafger than the males,

values less than 1 are species whose males are largef. I used the species SSDI values to
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.galculate and visu_ally corﬂpare 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 ) wés used to indicate if SSDI .values for each genus differed
from 1. In addition, species SSDI values were used in a nested analysis of varian(;e to |
calculate the variance in SSDI among species within genera; among genera within
subfamilies; among subfamiliés within families; and among families within the subordgr.
The interpretation of the percent of the total variatioﬁ is the séme as that described above.
Finally, to determine if and how SSD correiates with body size, I régressed the
SSDI for eacil species against mean male BL for each species. Regressing a ratio against
it’s numerator (in th'is case mean female BL) can produce very odd results (R.J. Smith
' .per's. comrﬁ.). Therefore; the independent variable in the regression is mean male BL, "
since the SSDI is calculated as .r'ne'ej.n female BL / mean male BL. Reéression stétistics
~were obtained using ordinary least squarés regression (OLS). Smith (1999) found that the
OLS better re;ﬂects the distribution 6f the error when regressin'g a ratio of SSD against
. sizé. For regressions of a SSD ratic against body size, a slope of zero indicates no change
in dimorphism with change in'size (Fairbaim 199’/"; Smitﬁ 1999). I compared the élopes
" and intercepts obtained from the :regression of spécies within the Hydropsychidae to the

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

" Phylogeny and Body Size

Variation in body length among épeqies within a genus was rélatively 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.

Téble 2.1 Nested anélysis of variance for body length in female hydropsychid
caddisflies. Results were similar for males and thus, are not shown.

Level : df Sums of . Mean . Variance %
Squares Squares Component  Total

sub-order 0 , .
among families 4 603.99 151.00 - -2.03 0
among sub-families 5 1690.13  338.03 3.89 487
among genera 7 936.97  133.85 262 328
among species 26 36150  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

Contr‘ary to phylogenetic constréints, rel_ati'vely 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 Cheumatopsyche. The values for Ceratopsyche, a
genus in the same subfamily, ranged from 6.4 t0 8.3, indicating t.hat genera can have yéry
.  different body sizes (Figure 2.1; Table 2.2). In supioort of thils, the maj ori;cy of the
variation in body size was accounted for By differences among genera vﬁthin éubfamilies
: (33%) and among subfémiliés within families (49%), suggesting that body size among
genera and among sub-families was not constrained by phylogenetic history (Table 2.1).

At the f;amily level, the farges’i hydropsychids had body sizes beyond the range of
any of the outgrbup families examined (Hydropsychidae: 3.8 to 14.4 mm; outgroup range: |

2.5t09.1 mm; Table 2.2; Figure 2.1). HoWe\}er, 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 llnea.r SSD index. See
F1gure 1.1 for hypothesized relationships.

Family Sample Male Female " Linear
Subfamily Size Body Body SSD
Genus species ‘Length Length . Index
"M F mm*SE) mm(+SE)
Philopotamidae ' |
"Philopotaminae _ -
. Dolophilodes aequalis 12 16 7.02 8.10 1.15
_ (0.20) (0.27)
Dolophilodes distinctus 22 9 451 5.49 1.22
Co (0.06) (0.23)
Chimarrinde :
Chimarra aterrima 20 20 -4.74 5.69 1.20
: ' (0.07) (0.07)
Chimarra texana - 5 16 4.79 5.13 1.07
(0.11) (0.15)
Psychomyiidae
Psychomyiinae B : _
Lype diversa 20 20 2.93 3.67 1.25
: : (0.12) (0.1
Psychomyia flavida0 10 10 - 2.89 4.43 1.53
(0.11) (0.06) '
Hydropsychidae
© Arctopsychinae . .
Arctopsyche grandis 20 20 9.63 12.55 .1.30
. (0.24) (0.22) '
Arctopsyche irrorata 20 6 12.63 14.43 1.14
. : ' (0.15) (0.41)
Parapsyche elsis 20 15 9.8 12.15 1.24
- (0.13) (0.25)
Diplectroninae .
. Diplectrona modesta 20 20 7.16 8.43 1.18
: (0.13) (0.19)
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Table 2.2 Continued.

Family Sample Male Female Linear
Subfamily Size Body Body SSD
Genus species _ Length Length Index
M F mm&*SE) mm(+SE)
~ Hydropsychinae 19 15 3.84 4.11 1.07
' Cheumatopsyche aphanta (0.09) (0.08)
Cheumatopsyche gracilis 26 20 4.35 4.33 0.996.
(0.09) (0.06)
Cheumatopsyche harwoodi 14 12 4.85 5.54 1.14
: (0.13) (0.29)
Cheumdz‘opsyche minuscula 12 21 473 5.38 1.14.
' ' ' (0.10) (0.10)
Cheumatopsyche pettiti 20 21 5.80.. _ 6.26 1.08
o 0.11) . (0.14)
Cheumatopsyche speciosa 9 4 3.98 4.57 - 1.15.
' (0.29) (0.33) _
Ceratopsyche alternans 20 20 6.40 6.98 1.09.
' (0.17) (0.13) -
Ceratopsyche cockerelli 20 15 7.55 829 1.10
' 0.27) (0.34) .
Ceratopsyche morosa 20 20 6.51 7.55 1.16
.(0.29) (0.14).
: Ceratopsyche oslari 17 18 6.57 8.31 1.27
: ‘ (0.15) (0.19)-
Ceratopsyche slossonae 18 19 773 - 826 - 1.07
' ' (0.24) (0.19)
Ceratopsyche sparna 20 20 6.78 7.00 - 1.03 .
: - - (0.09) (0.11)
Hydropsyche betteni 21 20 841 9.56 1.14
' ' ' (0.14) 0.11) '
Hydropsyche confusa 20 20 587 8.14 139
' (0.18) '

(0.17)




41

Table 2.2 Continued.
Family - Sample ‘Male Female Linear
Subfamily Size . Body " Body SSD
Genus species Length Length Index
M F mm(*SE) mm(+SE)
Hydropsychinae. 21 . 20.' 7.90 7.79 - 0.986
Hydropsyche elissoma : (0.08) (0.13)
Hydropsyche hageni 18 6 733 8.50 1.16
: . (0.15) (0.54) '
Hydropsyche occidentalis 21 20 6.01 6.43 1.07
. : 0.11) (0.10)
Hydrbpsyche scalaris 20 5 8.32 8.65 1.04
(0.16) (0.39) '
Potamyia flava 20 18 5.31 - 577 1.09
- ' (0.10) (0.13)
Smicrideinae ,
Smicridea dispar 20 - 12 3.82 431" 1.13
: " (0.05) - (0.12)
Smicridea dithyra 20 20 4.45 4.65 1.04
\ | (0.05) (0.08)
Smicridea fasciatella 20 20 4.87 - 541 1.11
' ' ' (0.10) (0.13)
Macronematinae ‘
Leptonema albovirens 10 14 - 956 11.60 1.21
' ' (0.14) (0.36) '
‘Macrostemum carolina 20 20 8.76 9.66. 1.10
(0.11) (0.23)
Macrostemum zebratum 40 31 8.94 9.86. 1.10
' 0.14) (0.17)
Polycentropodidae |
Polycentropodinae :
Neureclipsis bimaculata 20 19 4.67 6.92 148
.- 0.12) . (0.24) '
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Table 2.2 Continued.

Family - Sample Male - Female . . Linear
Subfamily , ~ Size Body Body SSD
Genus. species : ‘ : Length Length Index
M F mmESE) mm(*SE)
Polycentropodidae .
 Polycentropodinae 4.39 5.63 1.29
Neureclipsis-crepuscularis . - 20 18 0.099 - (0.149)
Polycentropus cinereus - 20 20 5.45 594 . 1.09
- (0.08) - (0.08)
Polycentropus crassicornis 12 21 7.01 . 6.12 0.85
(0.19) 0.10)
Dipseudopsidae ’ . o
Phylocentropus lucidus 14 8 4.70 - 546 1.16
- (0.12) (0.07)
Phylocentropus placidus 23 19 6.34 9.07. 1.43

(©.11) - . (0.43)

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

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

- Phylogeny and SSD -

_Contrary to the prediction of phylogenetic constraint, alm(;st half (41%) of the

» Valfiation in SSDI was attributable to differenpes among species Within’ genera, indicating
that SSD was not phylogeneticaily' 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.. H.owever, the SSDI r;ingé amoﬁg these s;éecies was very wide:
females ranged from 3% larger than males (S.'SDI=1 .03) to 53% larger than males’

(SSDI=1.53; Table 2.2; Figure 2.2). In addition, three _species— two.hydropsy'chids (Ch.
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gracilis, H. elissoma) and one‘outgroup (PoZycentropu_s 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 Vglues differ signiﬁcaritly from one, indicating that females from these two genera
| were significantly larger thaﬁ males (Macrostemum, Cheuﬁaiopsy&he; p<0.005; Figure
2.2). None of ;cile variation in SSDI was accounted fo} 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 Mean Variance . %
: . Squares ~ Squares  Component  Total

sub-order 0 ‘
among families. 5 0.35 ©0.07 0.02 58.6
among sub-families 6 0.05 0.008 002 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 42 073~ 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 éonstant.(Figure 2.3). For example, Arcz‘opsthe 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 Rensch’s 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 siie.across taxa within the family. Rensch’s rule predicts a
neg-e'ltilve coﬁelation betWeén SSD and body size in groups where females are generally
the larger sex (i.e. Hydropsybhidae). Thus, the hydropsychi(‘is 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 Hydropsychidgie (Figufe 2.4). The slope of the outgroup line

’wa.s different from the slope of the line for the hydropsychids @= 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 coﬁtribl_ﬁed two ioieces of information to our understanding of the
evolution of hydropsychid caddisﬂies. First, patterns of variation in b-'ody size and SSD
have been described for a range of North American species in this family and this
,v.ariation flas been partitioned among different levels in the currently accepted phylogény.
Second, it appears that these two variables are uncorrelated thn the Hydropsychidaé.
The largest amount of variation in body size was atiributed to differences among genera
and among subfamilies, levels in the taxonomy that contributed no variation to fhe pattern
of SSD. In addition, the regression of SSD against body size also showed that the two -
variables were independent within the Hydropsychidae. These two pieées of information, .
combined with ouf current knowledge of .the phylogeny of these orga:rﬁsms (Figur'e 1.1;
Schefter 1996), can be used to develop testable hypotheses about selective pressures |
| op.era;[i'ng on hydropsychids.

In general, variability in bo'dy size was a&fibuted to differences among éenera and
among subfamilies. Body size was relativeiy rﬁore constrained Within and among
.species, and among fénﬁli’es within the suborder. However, the pattel;n observed for SSD

" was exactly opposite to that observed for body length‘. Variability in SSD was attributed
to differences among spécies énd among families. Sexual size dimorphism V\’/as
relativel‘y mére constrained among genera and subfamilies. Finally, Rensch’s rule _
predicts that, in clades where females are the largér sex (i.é. Hydrdpsy_chidae), as body

* size 'increasés, SSD should decrease. Contrary to Rensch’s rule, body size and SSD were
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not coﬁelated in the Hydropsychidae, although they were correlated in the predicted
_direction among the outgroﬁps.

The fac’g that the pattern of variation for the two characters differed both among
taxonomic levels and between characters at the same taxonbmic level, suggests that the
relative importance of the selective pressures acting on these two charactlers also differed.
In additién, the seleétive pressures operati;lg on body size and SSD may be ﬁmdémentally
different from each other since the two characfers appear to be uncorrelated in the
Hydropsychidae. For example, the variance in body size generated since the di-verger}ce

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 sﬁggests that the selective pressures on these two characters were different and the
impoﬁance and streng;th of these pressures has varied through time.

Thié I;attem (differences in body sizes at the generic level; differences in SSD at
the species level) lends support to two propoSed hypotheses about evolﬁtion of the
: Hydropsychidae. (Wiggins and Mackay 1978, Plague 1998, 1999). The first hypothesis is
' fhat, among North American hy&opsychids, diversification of Hydropsychidae
_ caddisflies may have been caused (or maintained) by ecological selection operating on the
larvae (Th(;rp 1983, Miller 1984, 1984, Thorp ét al. 1986, Georg.ian énd Thorp 1992). In
" addition, these ecoiogical di‘fferences. are recognized as generic differences in the

currently-accepted hydropsychid phylogeny (Wigginé and Mackay 1978, Mackay and
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Wiggins 1979). The secdnd hypothesis is that repro,duc%ive isolation of adult
coﬁspeciﬁcs, Vié assortative mating, must have occurred in order for sympatric épeciat‘ion
“to be completed (Plague 1998, Plague 1959). This hypothesis predicts th-a_t selective
- preséures in the adults would favor some type of mate choice (Plague 1998, Plague 1999). .
~BelowI ékafnine how the pétterns of body s.ize and SSD from this study supports this
combined view of hydropsychid evolution. |

| Since body size is so critical to ecological procésses in many organisms,
including hydropsychids (Mackay 1979, Calder'1984, Schmidt-Nielsen 1984, Muotka ‘
. 1990, Kerans 1992), body size variation may représent ecoiogical variation within the
Hydropsychidae. As sfated above, é‘_ 1afge portion of the vari:ation in body size V\‘/as
attributed to differences between genera. These data are consistent with thé theory that
Trit;hoptera genéra _repreéent-n‘ot only ménophyletic morphological types, but also
| ecological types (Wiggins and Mackay 1978). For example, many authors have provided
evidence to suggest t-hat most Noﬁh Américan hydropsychid genera have restricted
dishil;utions along the longitudinal stream continuum (Ross 1967, Wallaée 1975, Alstad
197 8, Wi_ggins 'and' Mackay 1978). Larval distri_buti(;n of each genus is based on the net
‘mesh size, which determi;ws the type of food resources exploited, and abiotic factqrs such
as temperatm;e, stream ﬂbw and oxygen content (Wiggins and Mackay 1978). ‘Since
body size is ir‘nportant for ecological procésses, 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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Tl_le most dramatic example of body size differences between comparatively
closely rela;ced genera in this study were the two genera, Smicridea and Macrostemum.
Larvae in both 6f these genera inhabit large, warm rivers in the southern Uﬁited States
(Flint 1974, Wallace and Sherberger 1974, 1975, Wallaqe 1975). Smicridea are found
mﬁstly in the desert and intermountain southwest? whereas Macrostemum are found in the
warm, wet regiops of the sou.theast (Flint 1974, Wallace and Sherberger 1974, 1975,
| Wallace 1975). One hypothesis for the body size differences between these two g;anera is
that the la'rvae of Smicridea may be more dictated by hydroperiod or temperature (or
both) than Macrostemum and r'nay have adapted a life history strategy consistent with
_ southwest streams that are subject to annual drying (Jackson 1988). For éxamr;le,
Smicridea laryae may have higher metabolic, developmental, and maturation rates than
Macrostémum larvae. Increased developmental rates in Smicridea may be the result of
selective pressure to rapidly pr(')gress through larval instars to avoid dessjication, or
| altemaﬁvely, a by-product of iligher deveiopmental temperatures found in desert streams -
of the southwest United States. In either case, the result would be Smic;*z'dea emer_gihg at
smaller body sizes than Macrostemum. Little is known about the spéciﬁc dis_tributiop,
life history, and developmentai processes of Smicridea or Macrostemum larvae (Flint
' 1974, Wallace and Sherberger 1974, 1975, 1975, Parker and Voshell i982). Howe\./er,
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 prodﬁce hydropsychid cadaisﬂy diversity.
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Within the h}lfdropsychids, SSD was similar among tIre genera and was more

variable among species within genera. In addition, Rensch’s rule was violated, etnd male
size stayed the same relative to female size regardless of the species eize. In stlm, species
| dit:fered in the ameunt of SSD,.hewever, SSD was not dictated by the size of the species.
This .makes intuitive sense because body size variatierr at the species level was small
* relative to size differences at the generic level., So,. jt appears that Bedy size variation may
be dietated by ecological selective pressures (described above) that pro'duced.d‘ifferent
genera with similar sized species; however, the'-species within a genus, regardless of size,
have different levels of sexual size drmorphism. |

| One hypothesis for this pattern of SSD among species is that the differe_-;_t species
within-a genue are responding to selective preseures acting in the adult stage. Within che
‘I'-Iydropsychidae, mating behaviors or positions may require a strict ratio of male to
female botly size in order to achieve copulattion.' In this scenario, the size ef the two sexes
may be, correlated so that selec”tiAon on body sizé in one sex produces a change in mean
body size of both sexes (F airt)airn 1997). For example, if one sex carries the other during
nrattng or eeurtehip, or if rnatihg pairs remained joined for 10'ng pertoas dtiring copulatien
(corrqmon among invertebrates), then mating success may depend upoh the relative size of
the sexes to each other (DeF renza et al 1986, Adams and Greenwood 1987, l\/teltrden
1989 Farrbalrn 1990) One way that closely related, sympatrrc species keep from
1nterbreed1ng is by altering mating behav1ors (Tauber and Tauber 1982). Behavioral
: mechanismé or)eratiﬁg to reproductively isolate Sympatric species have t>een identiﬁect in

insects (e.g. lacewings, Tauber end Tauber 1982; , fireflies, Futuyma 1986, p 1 12). Size
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is important in insect mating systems and assortative mating based on size (big mates

13

with big and small.;nétes with small) is not uncommon among insects (Burley 1983,
McLain 1985, Gage 1998, Hernandez and Benson 1998, Neems ét al. 1998, Thornhill and
Moller. 1998,.Cllleva Del Castillo et al. 1999, Ha.ran et al. 1999, Savalli and Fox 1999).
Interestingly, recent models‘have shown that syrﬁpatric speciation based on assortative
mating and héritable mate chp’ice can occur (Dieckme;nn and Doébeli- 1999, Kondrashov
and Kondrashov 1999, Tregénza and Butlih 1999). Sympatric speciation hés been
i)roposed in the caddisfly families Hydropfilidae (Botosaneanu 1997) and
Hydropsychidae (Plague 1999). waéver, currently no.empiricall e\}idénce e.xists for this
mechanjsm of sympatric speciatioh within the Hydropgychidae. Hydropsychid caddisﬂies
coﬁld be a good group to examine how assortative mating and mate choice based on size
.and SSD may contribute to sympatric speciatiop. |

In conclusion, if body sizé is a good indicator of ecologica_l diversity within the .

H}{dropsychidae? fhen generic level _diversity ma}" be, in large part, a r:e‘sult of e_cological
processes operétiﬂg in the larval stage (net mesh differentiation, selection for abiot‘ic
.conditions). However, body size differences of congeneric species were relatively minor.
Therefore, spe_éies level dilversity may be more dependent upon the éelective pressures of
assortatiye mating and mate choi'ce operating to ma:intain a strict male)female size ratio
~(SSD) in the adult staée. Hyciro'psychid méting 'éystems ar;e Virtually unknownanda

comparétive éﬁdy of mating behaviors may provide insight into the evolution of species
within this faniily. 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 HYDROPSYCHID CADDISFLIES
(TRICHOPTERA HYDROPSYCHIDAE)

Introductien

Sexual dimorphism, -phenotypic differences between females and males, has long
been recognized in a number of taxa and speeies (Darwin 1859). Sexual dimorphism is
' relatively common among a wide range of organisms including (but not limited to)
| insects (Alcock 1993, McLain 1993), n_ematode's(Pc;ulin 1997), crustaceans (Shuster
1‘9925 amphibians and reptiles (St. Clair 1998- Malmgren and Thollesson 1999) and
mammals (Owen-Srnith 1993) A multltude of characters maybe sexually dimorphic -
including: general body size (BJorklund 1990, Preziosi and Fairbalrn 1996) appendages
- (Moore and Wilson 1993,_Roff and Fairbairn 1993), 1nternal organs (Calder 1984),
physiology (Bailey and Romer 1991, Radh1ka et al. 1998), development and growth
| (Reiss 1989, Ernst and ergenbusch 1998), behavror (Roelke and Sogard 1993, Svensson
11997), and even mortality (Owen-Smith 1993). |
Sexual dimdrphism has been the subject of kse‘ve'ral recent reviews (Slatkin 1984
Hedrick and Temeles 1989, Shine 1989 Andersson 1994) and a number of hypotheses
‘ concermng the mechanisms producmg sexual d1morph1sm have emerged These ‘
hypotheses fall into two broad categories: non—adaptive and adaptive Non- adaptive -
hypotheses, such as phylogenetrc history, are beginning to be exammed as poss1ble causes
of sexual d1morph1sm (Fa1rba1rn 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 1939, Andersson 1 994). Recent work has
divided these adaptive mechanisms into three broad categories: 1) ecolog@cal selection; 2)
fecundity selection; and 3) se.xual selection (Hedrick énd Temeles 1989). .
| Under ecological selection, the morphology of the sexes differ because thgy' 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 différently on them.
For example, in niany aquatic iﬁsects (Ephemeroptera, Trichoptera, Diptera, aquatic
Hymenéptéra) the terrestrial adult females crawl or swim underwater to oviposit
(Badcock 1953, Merritt and Cummins 1995). Presumably adult males are not requlred to
enter the water after emergence. Thus, females may have leg or wing structures that aid
them in ov1p051t10n, that are absént or reduced in the males (Deutsch 1984, 1985).

Under feéundity selelction, one sex (often females) benefits more (in terms of |
reproductive output) from a lafger body size (Shine 1988, Maiméen and Thollesson
1999). F or example, in female insects, abdomen size often determines how many eggs

c:an be carried, and therefore, the abdomen is much larger than in males of the same

' species (Wicknian 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 (Hedl_‘ick and Témeles 1989, Andersson 1994). For example, in the.

caddisfly species, Mysta{:z'dés azuréa (family Leptoceridée), females fly towards a group
" of SWarming males. Males visually recognize the female é,nd race tpwérds her as she

' turns and flies away. The first male to catch the female, flies with her to the.vegetation
and succéeds in copulation. Males had larger éyes for detecting females before
competitors and long‘e'r 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 r'ngies had increased mating opportunities (Soiem and Sélem 1991).

The hydropsychid caddisflies (Trichoptera: Hydropsychic.lae) 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 male_s- and males larger _than females;
or aitemaitively, no dimorphi&ﬁ (Betten 1934, Ross 1944; Jannot unpub. data). Sevéral

| characters, inclﬁding‘ antennal length, middle tibial widtﬂ énd length, and eye width, have -

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

hydropsychids (Betteﬁ 1934, Ross 1967, Solem 1976, Mallicllcy 1977, D‘eutsch'l985,

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

: dimc;rphic and diréction of dimorphism suggest that different types of selection may be

operating concurrently. In the example abéve, ecological selection may be responsiblé

for sexually dimorphic leg characters, whereas sexuai selection may be respo,nsiblé for -

'sexually dimorphic eyes. In addition, flight differences between the sexes (male
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' swaﬁning Vs. feméle oviposition ‘ﬂights) may select for different wing shape in the two -
égxés (Ross 1967).

One Wéy to éxamine sexﬁal dimorphism within a species is to sim'ply.compare the
mean charac;[er éize of méles and females. This method is appropriate when t}h"e overaﬂ
bociy size of males and females is similar (Figure 3.1 A). However, if one sex is larger
. tha;m the other, the interprétation'can become obscured. Morphological chﬁacters

typically scale with body size. Therefore, if one sex has a larger body, it may also have
largér morphological che;racters (Figure 3.1 B). .The question is then: is seiectiqn
operating on body size or on character size? By simply comparing: the Iﬁéan 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 aliometry— that is, how a tra.it(s) .Changes with body size (Shine 1988, Ernst apd :
Wilgenbusch 1998, Tseng and Rowe 1999). By examining allometric relationships f;or |

the ;two sexes we can detc_armine. the true nature of the character dimorphism, while, in
effect, controlling for the confounding factor of b'oldy size.

. In thié stud}'f, I examined sexual dimorphism in antennae, lﬁesotibiae, eyes, and -

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

- 1) use allometric relatio.nships to'quantify sexual dimorphism in adult

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

behavior.




Ln Character Size

Ln Body Size Ln Body Size
_ Sexual ghmorphlsm: charac_ter scalesl Size-mediated sexual dimorphism: character scales
differently in the sexes, body sizes overlap. the same in the sexes, one sex is larger than the other.

Figure 3.1 Examples of different allometric relationships, representing two forms of sexual dimorphism
in character size. Lines represent the two sexes. Slopes of lines may vary.
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Methods

AN

In North America, the family Hydropsychidae contains 11 genera with 144 species
(Wiggins 1996) I exammed a total of 27 species within 10 genera, representmg almost
20% of the described North Amerlcan specws (Appendlx B).

- Species were randomly chosen (within the consj:raints of availability) within
genera in proportion to the number of species egch contained. I chose oﬁe or two species
. from each of the seven genera that have relatively few siaecies (between one and seven).
The other three genera, Cheumatopsyche, Ceratopsthe, and I;Iydropsyché havé 109
species combined, and represenf 76% of the totai North American species (Wiggins
1996). Of the 27 species examined, 16 were from these genera (60%). Specimens were
~ borrowed frorﬁ various museums aﬁd colle;:tions in the Uﬁited States' and Canada

(Ap}()endix B). '
| Body length was used as an-estimator of overall body ;%ize. Body length (BL) was
'measured from the center of the head betv&een the eyes to the posterior margin of the 8™
" sternite to exclude genitalié. Body length was measured aloﬁg the organism’s left side.
In addition, I r.neasured thefollbwing mofphological characters on each individual: wiﬁg
length (WL), ng width (WW), antennal length (AL), ocular width (EW), mesotibial_ '
length (MTL) and width (MTW). i;neasuréd WL as a straight line ﬁom the’ base_: to the
apex of the fore wing. [ measured WW as a straight line at the vﬁdest point 6n the fore
Winé, perpendicular to WL. .Antc;,nnal length was measured‘ ﬁorﬁ the base (')f the scape to

the antennal tip. The apical antennal segment has a distinctive shape, and antennae were
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not measured if ‘this segment was missing. I measured the straight line distance between -
the outer edge of thé eye and where the eye joined the head when the specimen was
viewed dorsaliy. Both eyes were measured énd EW was the average of tﬁe two -valges. I
.meaisured MTL from the femur-tibia jc')int to the tibia- tarsus joint oﬁ the mesothor.acic
leg. I measured the width of the tibia of the meéotﬁoracic leg just dorsal lto_the 1* pair of |
.tibial'spurs and just dorsal to the 2™ pair of tibial spurs. . The two measurements were
averélged together to ob.tair’1 MTW. |
| Whenever possible, VI méasured 20 individuals of eacH sex, limited occasionally

* by damaged spécimehs and availability (Appendix B). Wifh two 'exceptions (Diplectrona
. .modesta, .Lepz‘o'nema albovifens), o.nlﬁf specimens that could be scored for all characters
were used.

-All measurements and sex determinations were made Wijh a zoom steréoscopic
 microscope (Leica MZ6; BL, BW, WL, WW, AL mag =$x; EW, MTL, MTW mag='
12.5x) with a high powered ﬁ.bef-'opt.ic light source (Volpi Cold Light Squrce NCL 150).
Length and width measuremeﬁts v&;ere made using an ocular. micrometer (Leica)

' calibrated v;/ith a 5.000 mm stage m'i‘c;rometer .(Leica). -

Each charaqtef was regressed against BL. The relationship between a
:morphological character and body size can be described by an allo.met.ric equation of the
form: |

© Y=aXP
where X is a measure of body size, and Y is the structur.e of intérest. The natural log

.yields:
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InY=Ina+BfInX,

h] : ..
‘where o is a constant and represents the y-intercept when X = 0, and B is the slope of the

line. Differences between the sexes in the slopes and intercepté sugges‘ts sexual
dimorphism in the structure.' The regression equatiops were solve)d'sAimul'taneously for
both males and females using analysis (;f covariancé and the slopes and intercepts were
compéred. Since the equations for each sex were solved simultaneéﬁsly, there is onfy one
1? value for each character-speciés regreésioﬁ; Regression statistics wére obtaﬁned from
SAS version 7.0 for Windows®, using Ordinary Least Squareé (OLS) regression oﬁ '
natural log transformed data (SAS Institute 1993). |
For each character, each si)gcies was (':ategoriz,ed 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 psb.OS), and the p-\'/'alue
. ‘ for the differences in slopes, intercepts or both between the sexes (p<0.05). In other
wbrds, character size, bg;dy size, the scaling reldiionshiia, and the posi;[ions of the lines
 were all taken into account when placing a species into one of the two categories in
Figure 3:1. The first Icat_egory,_ sexual dz’morphz’ém‘, occurs when either slopes, intercepts,
of bofh diffef between the sexes (Figure 3.1A). In this case, species are clearly s-éxually
- dimorphic for the character. Size-mediated sexial dimorphism, the second catégory,
_ occurred wher one sex had a larger body size and a larger c.haracter size .than the other
and I detected no differences in the scaling relationships (slppc—‘_:s) beﬁéen the sexes
(Figure 3.1B). In this cése‘, it is not clear if the sexual dimorphis.m 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 informatioﬁ, I assume that, bec.ause of correlation;
‘ betwee_an size and morphology, the sexual dimorphism‘ is caused by the size differences.
Therefore, the term size-mediated sexual dimorphism 1s coined. Any species not |

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

Qf the 27 species examined, 13 differer_it species (48%) exhibited clear sexual
dimorphism for at least one chéfaicter (Table 3.1). Of those 13 species, five spécies (Ch.
gracilis, Ce. alternans, Ce. morosa, H. scalaris, M. zebrat.um) were sexually dimorphic
for more t'han one character, w1th 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 ch;racters. Seven otl;er species'(A‘. grandis, A. irrorata, Pa. elsis, D. modesta, Ch.
harwoodi, Ch minuscula, S. dispar) exhibited size mediated sexual 'din~10rphism. Four of
these species (4. grdndis, A. irrorata, Pa. elsis, D. questa) 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). InCe. ‘alternans, H. betteni, and H. elissoma, the female WL was greater than the
males (slope.s 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 3.3j.
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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, slp = slope.
| = the two values (above and below) are not 31gn1ﬁcantly different (p<0.05).

Subfamily S Wing - Wing Antennal Mesotibial Mesotibial -
Genus e Length Width Length Length Width
species X int slp ‘int  slp int slp '~ int slp int slp
Hydropsychinae

Cheumatopsyche M 1.8 |.21 -11 .29

gracilis F _ 95 1.64 -1.1 .85
Ceratopsyche M 21 .04 - 19 .16

alternans F 98 .65 : - 76 .69

Ceratopsyche M 25 -.09

cockerelli F 1.6 27

Ceratopsyche M .002 .51 04 32

morosa F 91 .008 -.63 . .65
Ceratopsyche M -1.1 -.20
oslari F -2.3. .55
Ceratopsyche M 1.6 1.36 |

sparna ' F .64 1.80

Hydropsyche "M 1.1 53

betteni F 29 -23

Hydropsyche M 25 .15

confusa F -42 .53

Hydropsyche M 1.0 .60

elissoma F 1.9 .16

Hydropsyche M 3.7 -48 -3.1 .78
scalaris F 1.2 .55 -33 -.38.
Macronematinae

Macrostemum M -64 -35
carolina F -2.0 .50
Macrostemum M- 20 .31: 84 .23 30 |35 A8 42

zebratum F 1.0 .65 -37.72 1.6 1.53 -1.0 .84

Leptonema M -1.1 2.6
albovirens F T =99 -.07
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relationships for each character. See text for description of relationships.

Mesotibial
Width



Ln Wing Length (mm)

Ceratopsyche alternans
Hydropsyche betteni
Hydropsyche elissoma
Macrostemum zebratum
Females

Males

Ln Body Length (mm)
Figure 3.3 Sexual dimorphism in wing length as a function of body length.
Males are solid lines, females are dashed lines.
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In nine other species (4. grandis, A. irrorata, Pa. elsis, D. modesta, Ch.
minuscula, Ce. oslari, H. confusa, S. dispar, L. albovi‘rens), females had longer wings

than males. However, females had larger bodies théh males and both sexes followed

" similar scaling relationships (6" intercept range: 0.46 to 2.3, slope range: 0.14 to 0.96; ¢

intercept range: 0.71 to 2.2, slope r'ange} 0.31 to 0.88; slopes and intercepts, p>0'.05).

. Wing djl_ﬂorphism cannot be separa’ied from body size dimorphism in these nine species.

' Wing 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. zebratum males had wider wings than females (slope and intercept p<0.05;

Table 3.1; Figure 3.4).

In A. grandis, A. irrorata, Pa. elsis, Ch. minuscula, Ce. oslari, H. betteni, H. A
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 (" intercépt 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,I p>0.05). Wing dimorphism

. cannot be separated from size dimorphism in these eight species.

Antennal Lengih Ci

Six species (Ch. gracilis, Ce. alternans, Ce. cockerelli, Ce. sparna, H. scalaris,

M. zebratum) were sexuaily 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).




Ln Wing Width (mm)

0.7

15

Ceratopsyche morosa

Macrostemum zebratum

11 1 T bbb b e

21 2.2 2.3 2.4
Ln Body Length (mm)

Figure 3.4 Sexual dimorphism in wing width, represented as a function of body length.
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In four otiler species (Pa. elsis, D. ﬁa’odesta, H. betteni, H. confusa) 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 (o* interc.ept range: 1.0 to
2.0, slo‘pe range: 0.21 to 0.54; ¢ intercept range: 1.2 to 2.8, slope range: -0.16 to 0.52;
slopes and ihtercepts, p>0.05). Antennal iength dimorphism cannot be separated from

size dimorphism in these four species.

Eye Width

There was no true EW sexual dimorphism in any specie;s (Figure 3.2). However,

" in Ce. oslari and H. confusa, EW and b_ody length were larg'ér in females. Both sexes had
similar slopes relating EW to BL (" intercepts: -2.4, -1.3; slopes: 0.69, 0.14 respectively;
2 interqepts: -2.6,-1.7; slope_s 0.80, 0.35 re.spec'tively; slopes and intercepts, p>0.05). ' '

" In these species, EW dimorphism could not be separated from size

| dimorphism.

Meésotibial Length -

There were four species sexually dimorphic for MTL (Table 3.1; F igufe 3..2). In
~ Ce. morosa and H. lconfusa, females had longer middle tibiae than the males (sloi)es 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 intefcept or intercept only p<0.05; Table
3.1; Figure 3.6).

- In six other spebies (4. grandis, A. irrorata, Pa. elsi&, D. modesta, Ch. harwoodi,,

Ce. oslari), females had longer middle tibiae than the males, but female body size was
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Figure 3.6 Sexual dimorphism in mesotibial length, represented as a function of body length
Males are solid lines, females are dashed lines.
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also larger (<" intercept range: -0.42 to 1.1, 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 sepa:rated from MTL dimorphism. '_

Mesotibial Width

Four species were sexuélly dimorphic for MTW (Table 3.1; Figure 3.2). in Cé.

- oslari, H. scalaris, L albovirens, and M. carolina, feméles had Widér.tibiae than male;s (¢
intercep’.c range: -3.4 to -2.1, slope range: 0.36 ‘.[o 0.77; 2 intercept range: -3.3 to -1.2, |

_ slope range: -0.02 to 0.96; slc;pes and iﬁtercepts, p<0.05; Table 3.1; Figure 3.7). :

A gréndis, D. mbdesta, Ch. harwoodi, H. betteni, and H.'confusa females had |
wid;:r tibiae than the males, but were also generally larger than the males (slopes and
intercep‘.cs, p>b.05). Therefore, in these species,‘ size dirﬁdrphism ‘cam»ul)t be separated
-l from MTW dimorphism.

Overall, _for all species that were sexually dimorphic for WL, WW and AL, the

_ general pattem wa's for fenrlales. to have longer or wider wings, wﬁgreas, males had longer
antennae. The exception to this pattern was M. zebfdtum, Wheré males, in addition to

" having lonéer anténnae, also had longer and wider wings than females. In all species -
sexually dimorphic for MTW, females had wider mésotibiae than males. However, in
species vs}here 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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Figure 3.7 Sexual dimorphism in mesotibial width, represented as a function of body size.
Males are solid lines, females are dashed lines.
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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 dimdrphism (males larger thanl females and vice versa) are variable among
species (Betten 1934, Ross 1944). The qualitative nature of this information ‘is such that .
itis often conflicting, based on smali sample sizes (a few individuals from each species),
does not control for body size and,. more often than riot, is anecdotal (Betten 1934, R(;ss
‘ 1944; Smith 1968, Flint 1974, 1982, 1987). This study has contributed two pieces of
information to our uncierstanding of S;axual dimorphism in adult hydropsychid caddisflies
of Nc;rth 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 feI.nales (iiffer only in character size have been identified. Second, this study
| points fo the Va;iable nature of sexual dimorphism within the hydropsychids. Differénces
in characters and patterns of sexual dimorphism among species suggests that the
' reproductivé biology and mating systems might also differ among species. Even though
there is a considerable amoﬁnt of information available about the ecology and behavior of _
larval hydropsychlds (Wallace 1975 Alstad 1978 Mackay 1979, Miller 1984, Thorp et
al. 1986 Downes and Jordan 1993 Merritt and Cummins 1995, Englund etal. 1997),
much less is known about the reproductive behawor 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 |
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. beha\}iors, especially reprbductivé behavior and mating strategies, in adult
Hydropsychi.dae-.
| The patterns of sexual dimorphism in this stﬁdy Wére highly variable, in terms of
thq characters, direction (male biased vs. female .biased), and s;pe'cies involved. This
study-reaffirms ante':nnal‘length aﬂd mesotibial leﬂgth and width aé charactersﬂthat are
sexually dimorphic in some hyd;opsychids. In addition, wing length and Wid;[h were
édded 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
ﬁ.S. (Ross 1944) and in Europe (Malicky 197 7}, none of the species in this stud§ were
sexually diiporphic for eye 's_,ize., Below I discuss thé patterns of sexual dimorphism for
each character 'gnd pose some hypc;theses concerning the selective pressures that
produced these dimorphisms. . |
Females generally héd longer and wider wings than the males. There are several
hypotheses that could account for larger wing size in female hydropsychids. These_
hypothéses céuld be studied independently, however, a strongér :case could be made for
the adaptive fuﬁction of female wings if these hypotheses are éxémined in conjunction.
with each other, as alt_efnative hypotheses. |
First, fecundity selec;cion is one hypothesis for species whose females had larger
wings. The reproductive output (number of éggs) of females is often positively coﬁelated
witﬁ body size; in insects (usually abdominal sizé) (Shine 19_88; 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. -

Ap alternative hyppthesis 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. alternc'ms, H. betteni, and H. elissoﬁa, are ass_ociatéd
with rapid flight (Ross 1967). Females that must ﬂy long distances to find oviposition
sites or mates may be under selective preséure to develop longer winés for rapid, lqng
distance flights. This.hypothésis_would pre;dict_that female wing size is éorrelated with

either flight time and di.s’éance, sex ratio, or both. In contrast, Ross (1967) has suggéstéd
- thé‘; wider front wings are associated with hovefing flight. Hovering flight is ofteﬁ
associated with mate searching and swarming (Sveﬂsson 1997). Some species of |
h}-'dropsychid caddisflies are known to form swarms, although, these are thought to
consist pr'irﬁérﬂ}.' of males (Mori and Matubani 1953, Fremling 1960). However, sex-
role reversed insects have been ddcmnent_éd (belostomatid waterbugs; Alcock and
Gwynne 1991, Kight ana Kruse 1992), and some females insects form swarms (Svenssoﬂ
ar.ld Petersson 1992, Svensson 1997, Funk and Téllamy 2000). Thérefore, one hypothesis |
for the wider wings in female Ce. moro.sa 1s tha’; they provide some advantage- during
swarming to attract males. This hypothesis predicts that feﬁales with wicier 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 deterrﬁinjng if sex-role reversal

occurs in hydropsychid caddisflies.
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M. zebratum was the only species Whe;e males had longer and_ wider wings than
the_ females. Sexual selection is one hypothesis for larger v'vings in this speéies
(Andersson 1‘994, Andersson and Twasa 1996). This hypothesis predicts that male access
to females (and therefore Iﬁating opportunity) is dépendent on wing size. In other insects,
including other caddisﬂies,-there is a high correl_ation be‘;ween swarminé, flight ability,
and Wing size in males. Males with laréer wings in are ‘more agile fliers in swarms and
therefore, intercept more females durjng swarming Leading to increaséd mating
| oppbrtunities (Sullivan 1981, Petersson 1989, Neehls et al. 1992, Gullefors and Petersson
1993, McLachlan and Neems 1995, Takamura 1999). Since swarming male
hyaropsilchids have been documeﬁted in the literatﬁre (Moﬁ and Matubaiﬁi 1953,
Fremling 1966, Sullivan 1981), it seéms likely tlhat these proéesses may also be operating -
in M zebfatum. If male M. zebratum are subject to sexuél selection on wing size, then
males with larger wings should héve more frequent matings than rﬁales’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 betWeeﬁ male swarming (if present), wing size, and sexual selection.

An alternative hypothesis for males with larger wings is that some componént of
male t;éhavior, .other tI;an direét mate acquisition, is selecting for wing size. _For example,
large wing size may be necessary for foraging flights or flights tﬁat gather resources that

are passed oﬁ to females during or prior to copulation (Boggs 1995, Karlss_oh 1998,
Rooney and Lewis 1999). Forééing flights seerﬁ unlikely n M z;ebratum since it is

- thought that most caddisflies, including hydrdpsychids, are relatively short lived and feed




85

very little as adults (Hoffman , Jackson énd Resh ,‘Nozaki , Betten 1934, -Ross 1944; Ross
" 1967, Burti et al. 1986, Merritt and Cummins 1995). However, the maleé of rhany '
: insects, iﬁcfuding"butterﬂies, coll_ect nutritiohally rich resources which are then presente;d
" to the fem’ale just prior to copulatioﬁ, or introduced into the reproducﬁve tract during
mating (Bogés 1995, Karlsson 1998, Rooney and Lewis 1999). Often these hubti‘al gifts
require the adﬁlt male to go search for and collect these gifté (Boggs 1995). Al’;hough 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 épecial aerial '
abilities (i.e. capture of flying prey) couid select for larger wings in males.

In all species examiped that were sexualiy dimorphic for antennal length, males
alWays had longer antennae than females.” One hypotheéis 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 ferhales) (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 chemicélly detect conspecifics during
mating; b) antennae are used in male-male contests for access to females; or c) females
prefer to mate vyith males that have_ longer antennae tThomhill and Alc;oc.k 1983, . |
McLachlan and Neems 1995, Andersson and Iwasa 1996).

Male location of females prior to mating is aided in many insects, inchiding
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butterflies (close relatives of cad’disﬂies), by.elabora;ce antennae that detect sex
pheromones (Rutowski 1991, Ruth_ski 1997). If antennae are used by male -
. hydr_ops'ychfds to chemically détect sex pheromones, then females must prodﬁce .
vp.heromo'nes- that are attraéﬁvé to maies. Interestingly, in '.this study, M. zebratum males ’
had longer antennae and both sexes had a gland 'Qn the V abd‘ominal sternite (J énnot,
unpub. dataj. Glands on the IV and‘V abdominal»sternité have béen suggeste'd as sites of
pheromone production in North American Hydropsychjdae (Flint 1974) ana are known to
contain volatile co'mpbungls that elicit e.‘lectrical‘ responses .in the male antennae of one
European species (H. augustipennis) (Lofstedt et al,- 1994), as v;lgll as caddistly specigs
. from other families _(Cummings 1914, Solem 1985, S'olem and Pe’;érsson 1987). Longer
anténnae might have more sensilla and therefore be better equipped t'o rapidly detect
pheromones produced by abdominal glands of female . zebratum. '

Besides M. ngratum, there were five other species thse males had longer |
. antennae thén the females. The females of these spéciés did not have abdominal glands
(Jannot, unpu‘b_. déta). Howeve;, the “sensilla makimization” hypothésis may still be in
’operation in these species. Females of these species may ha\_/e c;ther., undetected
pheromone prpduction sites (Riek 1970). Pheromone production and tﬁe chemical.
. ecolo.g}'l of caddisflies is in it’s infancy but studies in this field éOuld provide valuable
information about the mating behavior of these Qrganisms. _ |

Analternative to the “sénsilla maximization” hypothesis is the hypothesis tha;c
males of these caddigﬂy species use their loné antennae as “weapons” during male-méle

competitién. .In other insects it is known that males use their antennae during male-male




87

compétitive interactions (Hanks et al. 1996). Aﬁtennae in these species could be used in
male-male competitive ir_lteractions for access to females. - Altemétively, females may
choose to mate with males with .longer antennae ,Because long antennae are an external
signal of “good genes” (Krebs and Davies 1993, Blackenhorn et al. 19985 or (;f male
ability to provide resources (McLain 1998). f‘or example, in the stink bug Nezara
© - viridula L., females choose males with longer gntennae because antennae length is an
indicator of a male’s ability to traﬁsfef nutritive sperm produced by special glands in the
| male’s réproduc;tive trac.t (McLain 1998). To my knowledge, there is only one study on’
spermatophofe production in Trichoptera. This study suggests-that there'is a protein mass
thét 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 inciuc‘le hydropsychids
in this study, however, males of closely related famil‘iés (Polygentropodidae,
Psychoﬁyiidae) in this study delivered free sperm, not enclosed in any spermatopﬁore.
An investigation 1nto hydropsychld spermatophore production, quahty, and the
relatlonshlp to external morphological characters such as antennae, could provide 1n51ght ‘
into sexual dimorphism in these species.

Femaies had longer mesotibiae in Ce. morosa and 4. confusa, whereas male Ch.
| gracilis and M. zebratum had.lpngér mesotibi;e than females. One hypothesis for longer
mésoﬁbiae in these species is that one sex may use their legs to carry the other during
mating flights (Gullefofsarid Petersson 1993). Male caddisflies of the genera and
. Ceraclea (family Leptoce;idae), carry the female during copulatipn (Gullefors 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, éreating sexual dimorphism.
Observations of bre-copulatdry behavior in Ch. gracilis and M. zebraz‘um-are.necessary‘to
shed light on MTL dimorphism.

Sexual dimorphism in leg width has beep previously examined iﬁ several species .
of adult hydropsychid éaddisﬂies (Deutsch 1985). This stﬁdy conﬁrms wider female
tibiae in Ce. oslari, as reported earlier by Deutsch (1985; Table 3.3). Deutsch (1985) also - |
reported females had larger tibiae iﬁ A. gréndis, Ce. cockerelli, Ce. morosa, H.

" .occidentalis, and M. zebratum, findings this stud}’l does nét support. Deutsch and others
have proposed that wider tibiae 1n females aids swimming during underwater oviposition
(Badcock 1953, Deutsch 1984, Déutsch 1985). Since fe'rﬁales always had wider tibiae
than rﬁales in this study, I predicf that underwater ovipbsition occurs in Ce. oslari, H,

* scalaris, L. albovirens and M. cai;olina. Direct observation is necessary to coﬁﬁrm
ﬁnderwater o'viposition in these species.

In conclusion, the patterns of sexual dimorphism in caddisflies of the family
Hydropsychiciae' appear to be consistent with patterr;s. of sexual dimorphism in other |
caddisflies that have bgen preyi’ously examined (i.e. Leptoceridae; Petersson 1989,
Guilefors and Petersson 1993) as well as other insects such as Lépidoptera (Ruto.wski
1991, Rlitowéki 1997), Cdledptg:ra (Goldsmith et ;al. 1996, Hanks et al. 1996, Kawano

' 2000) Hemiptera (Weigensberg apd Fairbairn 1996, McLain 1998). However, a bettér
un‘dérstanding of sexual dimorﬁhism in adult .hyaropsychid caddisflies will only be
possible when behavioral observations and éxperiments are undertaken. 'Information on

swarming, mate locating, mate choice, pre-copulatory behavior, male-male competition,
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" and ovipositi'qn behavior will provide a clearer .ﬁnderstanding of the mechanisms that -
shape paﬁems of sexual dimorphism in this family. The adult poﬁibn of the life cycle‘in
most aquatic inse;,cts ha;e, been severely neglected in most studies (ciragonﬂies are the
exceptioﬁ). An uﬁderstanding of the role of aquatic insects in ecosystem function and the
conne;cfic;nS betweén aqua_tic and terrestrial systems cannot be attained until the adult
stages are better underétooci. Since adult aquatic iﬁsects_spend the maj 6rity of their time
dispersing; in 'reproductiv.e activity, and ovipositing n(Merritt and Cummiﬂs 1995), it
seems that an understanding of reproductive behavior is critical to achieving a bette.r.
understandiné of aquatic'systems. The _infor:mation 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 irlteractions. 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 botiy size,
sexual size dimorphism (SSD). Sexual dimorohism ot:ten reflects mating and |
reproductive oehaviors. Anecdotal reports of adult hydropsychid caddisflies

(Hydropsychldae Trichoptera) 1nd1cate some species may be sexually dimorphic.
Reports 1ndlcate sexual d1morph1sm in a variety of characters and that species show wide
' Vanablhty in Ioattems (females larger; males larger; ho dimorphism). However, sexua‘l
dimorphism has not been quantiﬁed within the Hydropsychidae. I used the comparative
rnethod to examine how phylogenetic constraints and allometry influence body s1ze SSD,
and sexual dlmorphlsm 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 anti among the outgroups.' I also used allometry to quantify sexual
dimorphisrrl in seven morphological characters: wing length and yvidth; antennal length;
eye width; and mesotibial length and width. Relatively closely related genera had very
different body sizes suggestmg that body size among genera was not constrained by
phylogenetlc hlstory However SSD did not vary among genera and may have been

constrained. Most of the variation in SSD was attributable to differences among species-
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| within genera (nested AN OVA, 41%) and among fam111es within the suborder
Annul1palp1a (59%) 1nd1cat1ng that SSD was not, constramed among these groups. There
was no correlatlon between SSD and body size within the hydropsychlds Among the . S
outgroups SSD declmed with increasing body size. Allometric regress1ons revealed that,
in general, females had longer or wider Wings, and wider mesotibiee, whereas; males had
longer antennae. The eXceptien to this pattern was M z"ebratum,' 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.

N




Appendix B. Raw data (continued).

Family

Dipseudopsidae

Dipseudopsidae

Subfamily

Genus

Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
‘Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus
Phylocentropus

Species

lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
{ucidus
lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
lucidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus
placidus

Body Wing Wing Antenna Eye
Length Length Width Length Width
5.56 6.79 1.98 6.92 0.20
5.68 741 2.59 7.53 0.27
5.19 6.55 222 6.79 0.22
5.56 6.55 235 7.04 0.23
5.43 6.05 2.22 7.16 0.23
5.68 7.78 2.47 7.78 0.23
5.43 8.03 2.59 7.16 0.25
5.19 6.42 222 7.04 0.23
4.20 5.56 2.10 6.79 0.27
5.31 6.18 2.22 7.16 0.27
4.69 6.42 2.10 6.67 0.23
4.94 6.30 1.98 7.78 0.23
4.82 6.79 222 7.04 0.23
4.69 7.16 247 8.27 0.31
4.69 6.92 235 7.90 0.31
4.57 6.42 2.35 7.04 0.27
4.94 6.79 247 8.40 0.34
4.69 6.05 2.10 7.29 0.23
4.32 6.18 222 7.41 0.23

3.71 5.06 1.85 6.30 0.23 .
5.43 7.78 2.84 8.89 0.31
4.82 6.55 2.47 8.03 0.27
10.13 1149 3.09 8.15 0.35
11.61 10.87 3.09 7.53 0.43
1025 10.87 3.33 7.53 0.35
12.10 1173 346 8.40 0.43
1000 1124  3.58 9.02 0.41
889 1161 3.09 8.15 0.39
1149 11.24 9.02 0.35
9.02 1173 321 8.77 0.35
1198 1074  3.09 741 0.35
7.53 9.76 333 7.53 0.34
8.03 9.51 3.33 8.52 0.35
9.88 8.15 3.21 9.02 0.39
7.04 9.26 3.09 8.03 0.35
9.14 1013 3.09 8.65 0.39
6.67 1050 247 7.41 0.31
6.42 9.26 2.47 6.42 0.34
827 1173 346 8.89 0.39
6.92 9.63 2.47 741 0.35
7.04 8.77 247 7.41 0.31
5.80 8.40 2.72 10.87 031

94

Mesotibial
Length
1.95
1.95
172
1.79
1.79
2.03
1.95
1.79
1.56
1.64
1.79
1.56
1.79
1.95
1.95
1.79
1.95
1.64
1.72
1.72
1.95
1.72
2.96
2.50
2.81
3.04
2.89
2.65
2.96
2.89
2.73
2.57
2.50
2.57
2.18
3.04
2.73
2.50
2.73
2.65
2.42
2.34

Mesotibial Sex State

Width
0.16
0.16
0.10
0.16
0.16
0.16
0.16
0.16
0.14
0.16
0.09
0.12
0.16
0.14
0.14
0.09
0.14
0.16
0.13
0.12
0.14
0.08
0.27
0.30
0.31
0.37
0.31
0.31
0.31
0.27
0.27
0.31
0.23
0.23
0.27
0.27
0.26
0.22
0.31
0.23
0.23
0.20

Eommmemmmm s oo I TR TIIZIEREEREREEREE s mom o

MaA
va
va
VA
VA
VA
NC
VA
NY
NY
MA
MA
MA
MA
MA
MA
VA
VA
VA
VA
NC
NC
ON
ON
ON
ON
ON
ON
ON
ON
ON
AR
AR
AR
AR
QB
QB
QB
VA
OH
OH
ON



Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna FEye Mesotibial Mesotibial Sex State
Length Length Width Length Width  Length Width

Phylocentropus  placidus 5.80 8.03 2.72 10.87 0.31 2.34 0.18 M ON
Phylocentropus  placidus 6.42 8.77 2.96 11.73 0.39 2.34 0.23 M ON
Phylocentropus  placidus 6.79 8.65 2.96 10.50  0.35 2.42 0.20 M ON
Phylocentropus  placidus 6.18 8.40 2.59 10.37 0.31 2.26 0.16 M ON
Phylocentropus  placidus 6.18 8.40 2.59 9.76 0.35 2.18 0.16 M ON
Phylocentropus  placidus 7.16 9.63 2.96 10.87 0.35 2.65 0.23 M ON
Phylocentropus  placidus 7.04 8.89 2.72 9.76 0.31 2.57 0.16 M ON
Phylocentropus  placidus 7.41 9.76 2.72 10.25 0.39 M ON
Phylocentropus  placidus 6.42 9.14 2.59 10.50 0.39 2.50 0.16 M ON
Phylocentropus  placidus 5.80 7.66 2.59 8.77 0.35 2.26 0.18 M ON
Phylocentropus  placidus 5.93 7.41 2.47 8.89 0.31 2.26 0.18 M ON
Phylocentropus  placidus 6.55 7.53 2.35 8.89 0.39 1.95 0.23 M ON
Phylocentropus  placidus 5.43 6.42 247 9.14 0.39 1.95 0.16 M AR
Phylocentropus  placidus 6.18 9.02 2.59 9.51 0.31 2.50 0.23 M QB
Phylocentropus  placidus 6.05 7.90 222 8.89 0.35 2.89 0.16 M QB
Phylocentropus  placidus 5.80 7.29 222 7.53 0.35 2.34 0.16 M QB
Phylocentropus  placidus 6.55 9.26 2.35 8.03 0.34 2.73 0.17 M QB
Phylocentropus  placidus 6.67 9.39 2.72 10.13 0.35 2.73 0.23 M QB
Phylocentropus  placidus 6.05 8.89 222 10.25 0.35 273 0.20 M QB
Phylocentropus  placidus 6.79 8.03 2.59 10.00 0.31 2.34 0.16 M QB
Phylocentropus  placidus 6.79 7.78 2.35 8.27 0.39 242 0.16 M QB
Phylocentropus  placidus 5.93 8.15 247 9.26 0.35 2.50 0.16 M QB

Hydropsychidae Arctopsychinae Arctopsyche grandis 11.61 16.43 6.18 11.86 0.47 3.28 0.55 F MT
Arctopsyche grandis 11.98  21.00 6.92 13.21 0.39 335 0.62 F MT
Arctopsyche grandis 1235 1791 6.79 11.61 0.55 3.35 0.55 F MT
Arctopsyche grandis 12.60  18.40 6.42 11.36 0.47 3.35 0.62 F MT
Arctopsyche grandis 13.21  20.38 6.67 12.60 0.51 3.67 0.62 F MT
Arctopsyche grandis 1420  20.50 6.42 12.23 0.47 3.51 0.59 F MT
Arctopsyche grandis 11.73 16.18 543 10.74 0.44 2.96 0.47 F MT
Arctopsyche grandis 1210 1692 6.05 12.35 0.47 3.35 0.62 F MT
Arctopsyche grandis 1247  19.27 5.93 10.87 0.43 3.20 0.62 F MT
Arctopsyche grandis 13.34 18.28 5.68 10.74 0.49 3.35 0.62 F MT
Arctopsyche grandis 11.36  15.81 5.19 9.14 0.44 2.89 0.55 F MT
Arctopsyche grandis 13.09 18.65 6.30 11.36 0.55 3.43 0.62 F MT

Hydropsychidae Arctopsychinae Arctopsyche grandis 12.35  19.27 6.42 12.47 0.51 3.28 0.70 F MT
Arctopsyche grandis 13.34  17.78 593 10.25 0.39 3.04 0.66 F MT
Arctopsyche grandis 11.98 18.77 5.80 11.61 0.55 3.28 0.55 F MT
Arctopsyche grandis 11.86  20.01 6.79 12.97 0.55 3.28 0.62 F MT
Arctopsyche grandis 11.61 17.41 5.68 11.86 0.47 3.20 0.55 F MT
Arctopsyche grandis 1544 1853 6.18 10.74 0.47 3.35 0.70 F MT
Arctopsyche grandis 1198  18.65 6.79 11.98 0.47 3.12 0.55 F MT
Arctopsyche grandis 1235 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

Hydropsychidae Arctopsychinae

Genus

Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche
Arctopsyche

Species

grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
grandis
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata
irrorata

Body Wing Wing Antenna Eye
Length Length Width Length Width
9.88 14.20 5.19 1420 051
9.14 1433 5.56 1297 055
8.15 14.33 5.43 1235  0.51
9.02  14.08 5.06 13.09  0.59
840  13.09 5.06 12.60  0.51
1198 13.71 5.19 14.94 047
1149 1593 4.94 1494 055
8.03 16.06 5.56 1494  0.59
10.37 1445 5.68 1482 0.1
10.50 1457 5.43 1420  0.51
9.39 13.21 494 13.09  0.39
9.14  13.83  4.69 13.21 0.39
840 1334 494 13.83 047
9.39 1396 494 13.96  0.51
9.88 1420 494 13.59 055
9.51 13.83 5.56 11.86  0.51
9.51 14.57 5.31 13.34  0.55
1124 1544 556 1482 055
9.02 1396 531 13.59 059
10.13  15.07 5.93 1457 045
15.80 2050  7.20 12.80  0.62
13.50  20.00 7.30 13.00 055
13.50  21.00 7.30 13.00  0.66
13.70  20.50 7.10 1420 045
1480 21.00 730 1420  0.59
1530 2290 740 14.60  0.66
1240 1330 590 15.10  0.62
12.00  15.60 5.40 13.80  0.66
13.80 1510 5.60 1440  0.66
12.00  13.80 5.10 13.30  0.59
12.50  15.00 5.50 1470  0.62
1440 1470 5.80 1460  0.62
12.80  16.00 5.80 1370  0.66
1230 1570 5.80 1420 045
12.30 1400 580 14.80  0.55
1250 14.20 5.70 1410 051
13.50 1560  6.00 1570 041
12.60  14.50 5.90 13.60  0.55
11.70  15.40 6.00 1430  0.51
12.60  13.90 5.70 1460 041
1220  16.00  6.00 1370 055
11.90 1430  6.00 1430 0.62
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Mesotibial Mesotibial Sex State

Length
312
312
3.20
3.20
2.81
3.28
3.82
3.35
3.28
335
3.04
312
3.04
3.04
3.35
3.04
312
3.20
3.12
3.67
3.70
3.80
3.80
3.80
4.00
3.80
3.20
3.20
3.30
2.90
3.20
3.20
3.20
3.20
3.30
3.00
3.60
3.20
3.10
3.10
3.20
3.20

Width
0.31
0.23
0.27
0.26
0.26
0.35
0.31
0.31
0.27
0.31
0.29
0.23
0.31
0.27
0.27
0.27
0.35
0.26
0.23
0.30
0.68
0.63
0.66
0.62
0.61
0.63
0.42
0.37
0.38
0.37
0.42
0.39
0.45
0.39
0.37
0.42
0.47
0.37
0.45
0.43
0.42
0.43

EEZEEXEERREEEERERREEREREEM 1R EEREZEEEEEREEREEEEERRR

MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
SC
SC
sC
SC
SC
SC
SC
SC
sSC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC



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 1290  17.00 6.00 15.70 0.48 3.50 0.43 M SC
Arctopsyche irrorata 1340 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 S8C
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
Parapsyche elsis 11.98 18.53 6.55 14.57 0.51 4.13 0.39 F OR
Parapsyche elsis 12.35 1643 6.55 14.33 0.43 3.90 0.31 F OR
Parapsyche elsis 11.98 1791 6.18 1334 043 4.13 0.39 F OR
Parapsyche elsis 10.74 1445 5.06 10.87 0.47 3.35 0.31 F UT
Parapsyche elsis 1210 1791 593 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 1124 043 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 1260 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
Parapsyche elsis 1272 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 1025 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 0.43 351 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 0.55 351 0.31 M MT
Parapsyche elsis 9.63 15.44 5.31 12.35 0.55 3.59 0.31 M MT
Parapsyche elsis 9.63 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 1531 5.43 12.84 051 3.59 0.31 M MT
Parapsyche elsis 9.76 15.44 5.31 12.10 0.47 312 0.31 M MT
Parapsyche elsis 10.00  15.68 5.19 11.86 0.47 351 0.31 M MT
Parapsyche elsis 9.26 13.83 4.69 11.98 0.51 3.35 0.31 M MT
Parapsyche elsis 9.26 14.82 5.43 12.72 0.39 351 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 1568 5.56 12.60 043 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 Dipiectroninae Diplectrona modesta 8.20 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 Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Length Width Length Width  Length Width

Diplectrona modesta 8.70 8.70 8.50 0.38 220 0.21 F SC
Diplectrona modesta 8.20 9.30 9.20 0.38 2.40 0.14 F SC
Diplectrona modesta 7.60 7.90 8.20 0.38 220 0.16 F SC
Diplectrona modesta 9.20 9.90 10.00 0.34 2.50 0.19 F SC
Diplectrona modesta 9.70 9.10 9.60 0.45 2.40 0.21 F SC
Diplectrona modesta 8.00 10.60 8.60 0.41 2.70 0.20 F SC
Diplectrona modesta 7.90 8.00 8.50 0.38 2.20 0.16 F S8C
Diplectrona modesta 7.20 8.20 8.70 0.34 2.20 0.16 F SC
Diplectrona modesta 7.50 8.60 8.60 0.38 2.30 0.16 F SC
Diplectrona modesta 9.20 9.00 9.30 0.41 2.30 0.16 F SC
Diplectrona modesta 10.00 11.70 10.00  0.38 2.50 0.21 F SC
Diplectrona modesta 8.30 9.00 9.70 0.33 2.40 0.16 F SC
Diplectrona modesta 8.80 10.20 10.10 0.38 2.50 0.18 F S8C
Diplectrona modesta 8.00 9.40 9.20 0.38 230 0.17 F SC
Diplectrona modesta 8.70 9.90 10.10 0.34 2.60 0.17 F §C
Diplectrona modesta 8.70 10.80 10.20 0.38 2.70 0.18 F SC
Diplectrona modesta 7.80 8.60 7.70 0.38 220 0.16 F SC
Diplectrona modesta 6.60 9.20 9.30 0.38 2.40 0.16 M SC
Diplectrona modesta 8.00 8.10 9.30 0.48 2.30 0.16 M SC
Diplectrona modesta 6.90 7.50 7.20 0.41 1.90 0.14 M SC
Diplectrona modesta 6.80 7.70 7.10 0.64 2.00 0.16 M SC
Diplectrona modesta 7.20 7.40 7.00 0.34 2.10 0.16 M SC

Hydropsychidae Diplectroninae Diplectrona modesta 7.80 8.70 9.10 0.41 240 0.16 M SC
Diplectrona modesta 7.50 8.10 8.20 0.38 2.20 0.16 M SC
Diplectrona modesta 6.50 8.30 8.80 0.38 2.30 0.16 M SC
Diplectrona modesta 6.40 9.00 7.10 0.38 2.40 0.16 M SC
Diplectrona modesta 7.90 9.00 9.20 0.38 2.30 0.16 M SC
Diplectrona modesta 7.20 7.10 7.40 0.38 2.10 0.16 M SC
Diplectrona modesta 7.30 7.70 8.50 0.41 2.20 0.16 M SC
Diplectrona modesta 7.50 8.50 9.10 0.45 2.30 0.18 M SC
Diplectrona modesta 8.40 9.20 9.10 0.52 2.40 0.16 M SC
Diplectrona modesta 7.40 8.50 8.00 0.45 2.40 0.16 M SC
Diplectrona modesta 7.20 7.20 6.80 0.45 2.10 0.13 M SC
Diplectrona modesta 6.30 7.50 8.30 0.52 2.10 0.14 M SC
Diplectrona modesta 7.50 8.20 8.30 0.43 2.30 0.16 M SC
Diplectrona modesta 6.20 7.70 8.10 0.48 2.20 0.11 M SC
Diplectrona modesta 6.50 7.00 7.20 0.41 1.80 0.16 M SC

Hydropsychidae Hydropsychinae Ceratopsyche alternans 7.41 11.61 3.33 9.26 0.27 2.11 0.39 F MN
Ceratopsyche alternans 6.79 9.26 2.72 7.66 0.39 1.87 0.23 F AB
Ceratopsyche alternans 7.16 8.89 3.09 8.27 0.39 1.95 0.31 F AB
Ceratopsyche alternans 7.29 9.51 2.96 7.53 0.35 1.87 0.23 F AB
Ceratopsyche alternans 7.53 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 Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Length Width Length Width  Length Width

Ceratopsyche alternans 7.04 9.51 2.84 8.27 0.35 1.95 0.23 F AB
Ceratopsyche alternans 5.68 7.90 2.59 6.79 0.35 1.87 0.20 F AB
Ceratopsyche alternans 7.04 8.89 2.96 7.66 0.39 1.72 0.23 F AB
Ceratopsyche alternans 7.29 9.51 2.72 7.90 0.39 1.87 0.27 F AB
Ceratopsyche alternans 593 9.26 2.96 7.78 0.35 1.87 0.31 F AB
Ceratopsyche alternans 6.92 9.14 2.84 8.03 0.35 1.95 0.30 F AB
Ceratopsyche alternans 7.04 10.50 3.71 9.51 0.39 1.95 0.23 F AB
Ceratopsyche alternans 8.03 10.50 3.33 8.65 0.39 1.95 0.31 F AB
Ceratopsyche alternans 7.90 10.87 3.46 9.26 0.39 1.79 0.27 F AB
Ceratopsyche alternans 6.55 9.26 2.84 8.03 0.39 1.87 0.23 F AB
Ceratopsyche alternans 6.79 9.02 2.84 8.15 0.39 1.95 0.23 F AB
Ceratopsyche alternans 6.79 10.99 3.33 9.02 0.35 2.11 0.31 F NY
Ceratopsyche alternans 6.55 8.77 2.59 7.53 0.39 1.79 0.27 F AB
Ceratopsyche alternans 6.92 9.02 272 8.27 0.31 1.72 0.23 F AB
Ceratopsyche alternans 7.04 8.52 2.47 7.53 0.39 1.64 0.23 F AB
Ceratopsyche alternans 6.18 8.89 2.84 9.02 0.35 1.72 0.23 M ON
Ceratopsyche alternans 5.06 9.39 2.84 8.89 0.23 1.87 0.16 M MN
Ceratopsyche alternans 5.43 9.26 2.84 9.02 0.35 1.79 0.23 M MN

Hydropsychidae Hydropsychinae Ceratopsyche alternans 6.18 9.88 3.21 9.26 0.27 2.11 0.20 M MN
Ceratopsyche alternans 6.18 9.76 2.72 9.14 0.31 1.87 0.20 M MN
Ceratopsyche alternans 6.18 10.37 3.21 8.77 0.27 2.03 0.20 M MN
Ceratopsyche alternans 6.18 8.65 2.96 8.03 0.35 2.18 0.12 M VA
Ceratopsyche alternans 6.30 9.02 2.84 9.51 0.35 1.79 0.22 M ON
Ceratopsyche alternans 6.42 9.63 2.72 10.00 0.35 2.03 0.20 M NY
Ceratopsyche alternans 5.31 8.52 2.72 8.52 0.27 1.79 0.16 M ON
Ceratopsyche alternans 7.41 9.26 3.09 9.26 0.39 1.95 0.23 M ON
Ceratopsyche alternans 7.66 9.26 2.84 10.25 0.39 1.95 0.16 M ON
Ceratopsyche alternans 7.78 9.02 2.72 7.78 0.35 1.87 0.22 M ON
Ceratopsyche alternans 6.55 8.65 2.84 9.26 0.31 1.87 0.20 M ON
Ceratopsyche alternans 6.42 9.26 2.96 9.88 0.35 1.95 0.23 M ON
Ceratopsyche alternans 7.66 8.77 3.33 10.13 0.35 1.79 0.23 M ON
Ceratopsyche alternans 6.67 9.02 272 9.39 0.35 1.87 0.23 M ON
Ceratopsyche alternans 6.55 9.02 2.84 9.14 0.35 1.95 0.16 M ON
Ceratopsyche alternans 543 8.03 2.72 8.89 0.39 1.87 0.23 M ON
Ceratopsyche alternans 6.42 9.39 2.84 10.37 0.35 2.03 0.23 M ON
Ceratopsyche cockerelli 9.26 12.10 3.95 9.39 0.27 2.03 0.37 F ID
Ceratopsyche cockerelli 10.74 12.84 3.95 9.39 0.35 2.34 0.43 F D
Ceratopsyche cockerelli 9.14 10.87 3.21 9.02 0.27 2.03 0.39 F MT
Ceratopsyche cockerelli 9.88 11.61 3.58 9.14 0.31 2.26 0.39 F D
Ceratopsyche cockerelli 9.76 11.98 3.46 9.14 0.27 2.18 0.39 F ID
Ceratopsyche cockerelli 7.78 10.37 3.09 7.53 0.30 2.03 0.35 F MT
Ceratopsyche cockerelli 6.92 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

Hydropsychidae Hydropsychinae

Genus

Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche

Species

cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
cockerelli
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa

Body Wing Wing Antenna Eye
Length Length Width Length Width
7.53 10.87 321 8.15 0.27
6.79 10.50 3.21 10.00 0.30
6.67 9.39 2.72 7.41 0.31
7.78 12.10 3.71 9.14 0.35
6.67 10.87 2.96 7.90 0.31
7.78 11.73 3.33 10.62 0.35
8.52 11.12 3.21 9.14 0.35
9.14 11.49 3.46 9.14 0.35
5.93 10.00 2.96 10.13 0.27
7.04 8.89 2.84 10.13 0.35
7.04 9.88 2.84 9.88 0.27
7.29 9.88 2.84 10.25 0.35
7.04 10.13 3.09 10.50 0.31
6.55 9.51 2.84 9.14 0.27
6.55 10.13 3.09 10.37 0.35
6.42 9.51 2.96 8.89 0.31
6.05 9.14 2.84 8.89 0.30
6.42 10.37 2.96 10.00 0.31
6.18 10.00 3.09 9.88 0.27
8.40 9.14 2.84 9.14 0.31
9.26 10.13 3.21 10.00 0.23
8.52 9.88 3.09 9.39 0.27
9.02 10.50 3.21 9.26 0.31
7.78 10.00 3.09 9.63 0.27
9.26 11.86 3.58 8.77 0.31
7.90 9.39 2.72 9.02 0.33
8.77 10.00 3.09 9.51 0.31
9.63 10.25 3.09 9.51 0.31
7.66 10.13 3.09 8.65 0.35
6.67 8.52 2.35 7.53 0.35
8.77 10.00 3.09 7.53 0.39
741 8.52 2.84 8.15 0.39
7.53 8.77 2.72 7.29 0.35
7.66 8.52 2.84 7.16 0.35
7.53 8.65 2.84 7.29 0.39
7.53 8.77 2.72 7.66 0.39
7.29 9.02 2.59 8.27 0.35
8.03 9.76 3.09 8.15 0.39
7.78 9.26 3.09 8.40 0.43
6.92 8.40 2.59 7.16 0.39
8.77 10.00 2.96 8.27 0.39
8.27 9.39 2.84 8.15 0.39
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Meseotibial
Length

2.03
2.03
1.79
2.11
2.11
2.03
2.03
2.26
1.87
1.95
1.95
2.11
1.95
1.95
1.87
1.79
1.95
2.11
2.03
1.95
1.95
1.95
1.87
1.95
2.18
2.03
2.03
2.03
1.95
1.95
2.18
2.03
1.87
1.95
1.87
2.03
2.03
2.11
2.11
1.79
2.18
2.03

Mesotibial Sex State

Width

0.31
0.30
0.27
0.35
0.35
0.35
0.35
0.35
0.16
0.22
0.23
0.23
0.23
0.23
0.27
0.22
0.27
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.35
0.23
0.23
0.23
0.23
0.23
0.30
0.31
0.31
0.27
0.27
0.25
0.25
0.31
0.29
0.25
0.27
0.31
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Appendix B. Raw data (continued).

Family Subfamily

Hydropsychidae Hydropsychinae

Genus

Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche

Species

morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
morosa
oslari
oslari
oslari
oslari
oslari
oslari
oslari
oslari
oslari
oslari
oslari
oslari
oslari
oslari
oslari
oslari

Body Wing Wing Antenna Eye
Length Length Width Length Width
8.27 9.39 2.59 8.03 0.39
6.79 9.76 2.72 9.76 0.39
6.79 9.63 2.84 9.02 0.39
6.92 9.39 272 8.52 0.35
7.41 8.03 2.84 7.41 0.39
6.92 8.77 2.72 6.79 0.39
5.31 8.03 2.59 9.02 0.35
6.18 8.89 2.72 9.88 0.35
5.56 8.40 272 9.26 0.35
5.68 7.78 2.72 9.02 0.39
4.94 6.30 2.10 7.66 0.31
5.43 8.65 2.59 9.02 0.39
5.31 9.39 2.72 9.63 0.39
5.93 8.03 247 9.51 0.35
5.68 7.90 272 9.14 0.31
5.68 7.90 235 8.77 0.35
543 7.53 2.10 8.15 0.39
6.30 8.77 2.59 10.00  0.39
6.67 8.52 2.72 8.77 0.35
8.52 8.77 247 10.25 0.39
9.02 8.65 247 10.50  0.39
7.41 8.77 247 9.76 0.39
7.78 8.15 235 9.39 0.39
8.27 8.65 2.59 10.13 0.35
8.77 8.89 2.47 10.13 0.39
6.30 8.77 2.59 9.14 0.39
9.63 12.84 371 11.73 043
6.55 10.25 3.09 9.88 0.35
7.78 10.25 2.84 9.14 0.35
7.53 10.50 333 9.39 0.35
8.40 11.36 3.58 10.62  0.39
7.66 10.13 2.96 9.88 0.35
7.66 10.62 2.96 10.00 035
9.26 11.73 3.46 11.98 045
8.89 12.72 3.95 1247 043
9.26 12.35 346 11.73 047
8.52 11.98 3.83 1198 039
8.40 12.72 3.46 1149 043
8.40 13.09 4.08 11.86  0.37
8.77 12.47 4.20 12.23 0.39
8.89 12.10 3.21 11.86 043
8.40 11.36 3.33 11.73 0.35
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Mesotibial
Length

2.03
1.95
1.72
1.79
1.79
.79
1.72
1.95
1.95
1.87
1.64
1.79
1.87
1.87
1.95
179
1.64
1.79
2.03
2.18
2.11
1.95
1.95
1.95
2.11
1.95
2.65
2.18
2.26
2.11
226
2.11
2.18
2.65
273
2.50
2.57
2.42
2.57
2.81
2.50
2.65

Mesotibial Sex State

Width

0.27
0.27
0.27
0.23
0.25
0.23
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.20
0.20
0.16
0.16
0.16
0.17
0.16
0.31
0.23
0.31
0.25
0.31
0.29
0.31
0.33
0.31
0.31
0.31
0.35
0.31
0.33
0.31
0.31
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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

Ceratopsyche oslari 8.77 12.60 3.33 12.60  0.39 2.50 0.31 F AZ
Ceratopsyche oslari 8.15 11.73 3.21 12.10 0.39 2.26 0.31 F AZ
Ceratopsyche oslari 8.27 10.99 371 10.13 0.39 2.34 0.35 F CO
Ceratopsyche oslari 7.04 10.62 321 9.14 0.35 2.11 0.34 F CO
Ceratopsyche oslari 6.18 8.77 2.59 10.00 0.35 2.03 0.23 M CO
Ceratopsyche oslari 5.80 8.89 2.59 10.00 031 2.03 0.22 M CO

Hydropsychidaec Hydropsychinae Ceratopsyche oslari 5.93 8.77 2.96 10.74 0.35 2.11 0.23 M CO
Ceratopsyche oslari 6.42 9.39 2.96 10.99 0.35 1.95 0.23 M CO
Ceratopsyche oslari 6.18 9.14 2.72 10.74 0.27 1.95 0.23 M CO
Ceratopsyche oslari 6.30 9.14 2.84 10.00 0.35 1.95 0.23 M CO
Ceratopsyche oslari 6.67 10.25 333 11.36 0.35 2.26 0.23 M CO
Ceratopsyche oslari 6.79 10.00 3.09 11.86 0.35 2.11 0.23 M CO
Ceratopsyche oslari 6.55 10.25 3.21 11.86 0.31 2.18 0.23 M CO
Ceratopsyche oslari 6.18 9.26 2.84 10.25 0.27 2.18 0.22 M CO
Ceratopsyche oslari 6.79 9.88 3.09 11.12 0.35 2.26 0.23 M CO
Ceratopsyche oslari 6.30 9.88 3.09 11.36 0.35 2.11 0.23 M CO
Ceratopsyche oslari 8.15 11.61 3.46 12.47 0.39 242 0.21 M AZ
Ceratopsyche oslari 6.67 11.12 3.21 11.73 0.39 2.34 0.21 M AZ
Ceratopsyche oslari 7.78 11.73 3.46 13.09 0.37 2.34 0.21 M AZ
Ceratopsyche oslari 6.67 11.61 3.46 12.35 0.35 2.34 0.23 M AZ
Ceratopsyche oslari 6.30 9.76 2.84 10.74 0.31 2.18 0.23 M CO
Ceratopsyche slossonae 8.77 11.12 3.83 9.02 0.43 242 0.32 F MN
Ceratopsyche slossonae 8.40 9.76 3.09 9.76 0.35 1.95 0.27 F MN
Ceratopsyche slossonae 8.15 10.13 3.09 8.27 0.43 1.95 0.23 F MN
Ceratopsyche slossonae 7.90 10.74 3.21 1000 031 2.11 0.31 F MN
Ceratopsyche slossonae 9.76 11.12 3.33 10.50 0.39 2.50 0.30 F MN
Ceratopsyche slossonae 8.70 9.00 4.50 9.10 0.38 2.70 0.23 F PA
Ceratopsyche slossonae 8.20 9.10 3.40 8.80 0.41 2.60 0.24 F PA
Ceratopsyche slossonae 7.00 8.70 2.90 8.60 0.34 1.80 0.25 F PA
Ceratopsyche slossonae 9.14 11.12 3.83 8.77 0.39 234 0.31 F MN
Ceratopsyche slossonae 9.02 11.61 3.83 10.62 0.47 2.18 0.33 F MN
Ceratopsyche slossonae 7.78 9.39 2.84 8.40 0.35 1.79 0.27 F MN
Ceratopsyche slossonae 8.20 9.00 3.30 8.30 0.38 1.90 0.26 F PA
Ceratopsyche slossonae 9.10 9.70 3.30 9.60 0.45 2.10 0.29 F PA
Ceratopsyche slossonae 8.15 10.37 3.09 9.14 0.32 1.95 0.23 F MN
Ceratopsyche slossonae 7.29 9.88 2.96 9.26 0.35 1.87 0.23 F MN
Ceratopsyche slossonae 6.40 8.50 3.40 9.40 0.41 1.90 0.21 F PA
Ceratopsyche slossonae 9.20 9.50 3.40 9.90 0.41 2.10 0.26 F PA
Ceratopsyche slossonae 7.50 9.10 330 9.60 0.34 2.00 0.26 F PA
Ceratopsyche slossonae 8.20 10.50 3.50 9.90 0.41 2.10 0.30 F PA
Ceratopsyche slossonae 9.39 11.86 3.09 12.35 0.39 1.48 0.16 M NC
Ceratopsyche slossonae 9.02 11.98 3.46 11.86 0.43 2.42 0.20 M NC
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Appendix B. Raw data (continued).

Family Subfamily Genus

Ceratopsyche
Ceratopsyche
Hydropsychidae Hydropsychinae Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Hydropsychidaec Hydropsychinae Ceratopsyche
Ceratopsyche

Species

slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
slossonae
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna
sparna

Body Wing Wing Antenna Eye
Length Length Width Length Width
8.40 11.61 3.33 11.86 043
9.63 12.10  3.09 1210 043
7.41 9.76 321 1124 039
7.16 9.26 3.09 10.50 043
6.79 9.02 2.96 9.76 0.43
7.16 9.51 2.96 1025  0.39
7.78 9.51 3.09 10.37 0.43
5.90 8.30 3.00 9.30 0.34
7.70 8.90 3.20 10.00  0.38
6.90 8.90 3.00 10.10  0.38
7.16 9.39 2.72 10.00  0.35
7.53 9.76 3.21 11.12 0.35
6.80 8.90 3.20 1020  0.38
8.65 10.74 3.09 10.00  0.31
8.65 9.76 2.96 9.51 0.43
7.20 9.00 310 8.20 0.38
7.30 9.20 2.90 9.10 0.34
6.40 8.50 2.70 9.00 0.31
6.50 9.50 2.90 8.70 0.34
7.30 8.80 3.00 9.20 0.31
6.50 9.30 3.10 8.70 0.31
7.20 9.70 3.10 9.30 0.24
7.70 9.80 3.10 9.50 0.34
7.10 8.30 2.80 8.30 0.38
7.00 8.20 2.70 9.10 0.34
6.50 8.50 2.70 7.70 0.26
7.40 10.70 3.20 9.80 0.31
7.10 9.50 3.20 10.10  0.34
7.60 9.30 3.10 9.50 0.28
6.70 8.30 2.70 8.30 0.28
6.70 8.50 2.80 8.30 0.31
7.90 9.70 3.20 9.80 0.31
6.40 8.40 2.70 8.30 0.31
6.10 8.40 2.70 7.90 0.24
7.20 9.00 2.90 9.10 0.34
7.40 9.60 3.30 9.20 0.28
6.60 8.50 2.60 8.70 0.31
6.60 9.50 2.60 9.50 0.34
6.10 7.40 2.60 9.30 0.28
6.70 9.50 3.00 9.50 0.31
740 9.50 3.00 10.20 0.34
7.00 9.00 2.80 9.90 0.31
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Mesotibial
Length

242
2.42
2.26
2.18
2.03
2.11
2.11
1.90
2.10
2.10
2.18
1.95
2.10
2.18
1.95
2.00
1.80
1.80
1.80
1.90
1.80
1.80
2.10
1.80
1.70
1.80
2.10
1.90
1.90
1.80
1.80
1.90
1.80
1.70
1.90
2.00
1.70
1.80
2.20
2.00
1.90
1.90

Mesotibial Sex State

Width

0.23
0.21
0.23
0.23
0.23
0.23
0.22
0.16
0.16
0.20
0.22
0.23
0.20
0.23
0.22
0.17
0.21
0.24
024
0.26
0.22
0.29
0.24
0.26
0.22
0.21
0.26
024
0.26
0.26
0.21
0.26
0.26
0.21
0.26
0.25
0.16
0.16
0.16
0.18
0.18
0.20
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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

Ceratopsyche sparna 6.90 9.30 3.00 9.60 0.31 2.10 0.21 M SC
Ceratopsyche sparna 6.90 9.00 2.80 9.90 0.20 1.80 0.20 M SC
Ceratopsyche sparna 7.10 9.70 2.90 10.30 0.34 2.00 0.18 M SC
Ceratopsyche sparna 6.30 9.20 2.90 9.70 0.28 1.70 0.16 M SC
Ceratopsyche sparna 7.20 9.90 3.00 10.40 0.31 2.10 0.21 M SC
Ceratopsyche sparna 7.30 9.00 2.80 10.20 0.28 1.80 0.18 M SC
Ceratopsyche sparna 7.00 9.30 2.80 9.10 0.31 1.80 0.16 M SC
Ceratopsyche sparna 6.70 9.20 2.80 10.10 0.29 1.90 0.16 M SC
Ceratopsyche sparna 7.30 9.50 3.10 10.20 0.29 1.80 0.21 M SC
Ceratopsyche sparna 6.30 8.20 2.60 9.00 0.34 1.70 0.16 M SC
Ceratopsyche sparna 6.80 9.30 2.90 10.10  0.34 1.90 0.16 M SC
Ceratopsyche sparna 6.80 7.70 2.80 9.20 0.34 1.80 0.16 M SC
Ceratopsyche sparna 6.60 9.40 2.80 10.60 0.26 1.80 0.18 M SC
Ceratopsyche sparna 6.00 9.00 3.00 10.10 0.34 1.60 0.16 M SC

Hydropsychidae Hydropsychinaec Cheumatopsyche aphanta 4.69 6.05 1.85 6.42 0.23 1.25 0.16 F AR
Cheumatopsyche aphanta 4.20 5.80 1.73 593 0.17 1.09 0.16 F AR
Cheumatopsyche aphanta 4.08 6.05 1.85 6.55 0.20 1.17 0.14 F AR
Ch psyche aphant 4.20 5.56 1.61 5.43 0.23 1.17 0.16 F AR
Cheumatopsyche aphanta 3.71 6.42 1.73 6.67 0.22 1.17 0.17 F AR
Cheumatopsyche aphanta 4.69 6.18 1.61 5.80 0.23 1.25 0.16 F AR
Cheumatopsyche aphanta 371 6.05 1.73 6.55 0.23 117 0.14 F AR
Cheumatopsyche aphanta 4.08 593 1.85 6.18 0.20 1.01 0.16 F AR
Cheumatopsyche aphanta 4.32 5.68 1.61 6.05 0.22 1.17 0.16 F AR
Cheumatopsyche aphanta 371 6.05 1.73 6.18 0.23 1.09 0.16 F AR
Cheumatopsyche aphanta 3.95 6.05 1.61 5.43 0.22 0.94 0.16 F AR
Cheumatopsyche aphanta 4.08 5.68 1.61 6.30 0.23 1.17 0.16 F AR
Cheumatopsyche aphania 4.20 6.30 1.73 6.05 0.20 1.17 0.16 F AR
Cheumatopsyche aphanta 4.08 5.56 1.61 5.56 0.23 1.17 0.16 F AR
Cheumatopsyche aphanta 395 5.56 1.61 6.05 0.22 1.09 0.16 F AR
Cheumatopsyche aphanta 4.69 5.93 1.61 7.41 0.23 1.17 0.08 M OH
Ch topsyche aphant 4.57 5.80 1.61 0.20 1.17 0.08 M OH
Cheumatopsyche aphanta 3.83 6.42 1.85 7.90 0.23 1.33 0.10 M AR
Cheumatopsyche aphanta 4.08 5.80 1.85 7.16 0.20 1.17 0.14 M AR
Cheumatopsyche aphanta 321 5.31 1.61 6.30 0.22 1.17 0.08 M AR
Cheumatopsyche aphanta 4.20 5.56 1.85 7.16 0.20 1.25 0.12 M AR
Cheumatopsyche aphanta 3.83 5.93 1.73 7.53 0.23 1.17 0.08 M AR

Hydropsychidae Hydropsychinaec Cheumatopsyche aphanta 371 5.56 1.85 7.16 0.23 1.17 0.09 M AR
Cheumatopsyche aphanta 3.46 6.05 1.85 7.53 0.20 1.33 0.08 M AR
Cheumatopsyche aphanta 371 5.80 1.73 6.67 0.20 1.17 0.09 M AR
Cheumatopsyche aphanta 3.46 6.18 1.85 7.41 0.20 1.17 0.16 M AR
Cheumatopsyche aphanta 371 5.93 1.85 7.04 0.20 1.01 0.12 M AR
Cheumatopsyche aphant 3.83 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 Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Length Width Length Width  Length Width

Ch topsyche aphant 371 5.68 1.73 6.79 0.20 1.17 0.12 M AR
Cheumatopsyche aphanta 3.95 5.56 1.85 7.16 0.21 1.17 0.16 M AR
Cheumatopsyche aphanta 3.95 5.93 1.73 7.53 0.22 1.17 0.12 M AR
Ch topsyche aphant 3.71 5.68 1.73 7.16 0.23 1.17 0.10 M AR
Cheumatopsyche aphanta 4.20 5.93 1.98 7.16 0.23 1.17 0.16 M AR
Cheumatopsyche aphanta 3.21 5.43 1.61 6.79 0.20 1.01 0.14 M AR
Cheumatopsyche gracilis 4.08 5.93 1.85 5.93 0.22 1.01 0.16 F AB
Cheumatopsyche gracilis 4.57 6.92 2.10 6.55 0.23 1.17 0.16 F AB
Cheumatopsyche gracilis 4.08 593 2.10 6.92 0.23 1.25 0.16 F wWy
Cheumatopsyche gracilis 4.08 593 1.85 6.18 0.23 1.09 0.16 F AB
Cheumatopsyche gracilis 4.20 6.42 1.98 6.30 0.27 1.25 0.16 F AB
Cheumatopsyche  gracilis 4.57 7.04 222 6.67 0.23 1.33 0.16 F AB
Cheumatopsyche gracilis 4.69 6.92 2.10 6.92 0.23 1.33 0.16 F AB
Cheumatopsyche gracilis 4.82 6.79 2.10 7.04 0.22 1.25 0.16 F AB
Cheumatopsyche gracilis 4.57 6.92 2.10 7.29 0.23 1.33 0.20 F AB
Cheumatopsyche gracilis 4.08 6.05 1.73 5.68 022 1.01 0.14 F AB
Cheumatopsyche gracilis 4.69 6.67 222 7.04 0.23 1.33 0.16 F AB
Cheumatopsyche gracilis 4.20 6.30 1.85 6.30 0.17 1.25 0.14 F AB
Cheumatopsyche gracilis 4.20 6.42 1.98 7.16 0.27 1.25 0.16 F AB
Cheumatopsyche gracilis 3.95 6.18 1.85 6.30 0.23 1.17 0.16 F AB
Cheumatopsyche gracilis 4.08 6.92 2.10 6.79 0.23 1.17 0.17 F AB
Cheumatopsyche gracilis 4.32 6.42 1.98 6.30 0.23 1.25 0.17 F AB
Cheumatopsyche gracilis 4.57 6.79 2.10 6.67 0.23 1.25 0.17 F AB
Cheumatopsyche gracilis 432 6.67 1.85 6.79 0.22 1.17 0.16 F AB
Cheumatopsyche gracilis 4.32 7.04 222 6.18 0.22 1.25 0.17 F AB
Cheumatopsyche gracilis 4.32 6.67 1.98 6.30 0.23 125 0.16 F AB
Cheumatopsyche  gracilis 4.57 7.29 222 8.40 0.27 1.48 0.16 M WY
Cheumatopsyche gracilis 4.08 6.55 1.85 7.53 0.23 1.25 0.08 M AB
Cheumatopsyche gracilis 371 6.30 1.85 6.92 0.23 1.17 0.12 M WY
Cheumatopsyche gracilis 3.95 6.42 1.73 8.27 0.23 1.25 0.12 M NY
Cheumatopsyche gracilis 3.83 5.80 1.73 7.66 0.31 1.33 0.13 M NY
Cheumatopsyche gracilis 3.83 6.18 1.85 7.78 0.20 1.33 0.13 M NY

Hydropsychidae Hydropsychinae Cheumatopsyche gracilis 5.06 7.16 1.98 8.77 0.23 1.40 0.09 M CO
Cheumatopsyche gracilis 5.06 7.41 222 8.40 0.24 1.33 0.09 M CO
Cheumatopsyche gracilis 5.31 7.04 2.10 8.15 0.26 1.40 0.09 M CO
Cheumatopsyche gracilis 5.19 7.16 2.10 8.03 0.23 1.33 0.12 M ON
Cheumatopsyche gracilis 3.95 6.79 2.10 8.03 0.27 1.33 0.10 M ON
Cheumatopsyche gracilis 4.32 6.79 1.98 8.52 0.23 1.40 0.12 M ON
Cheumatopsyche gracilis 4.45 7.04 2.10 8.77 0.23 1.48 0.09 M ON
Cheumatopsyche gracilis 4.08 6.79 2.10 8.89 0.25 1.48 0.16 M ON
Cheumatopsyche gracilis 4.94 7.29 1.98 8.52 0.25 1.48 0.13 M ON
Cheumatopsyche gracilis 4.45 7.16 1.98 8.77 0.27 1.40 0.10 M ON
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna Eye Mesotibisl Mesotibial Sex State
Length Length Width Length Width Length Width

Cheumatopsyche gracilis 4.32 6.67 2.10 8.65 0.23 1.25 0.09 M ON
Cheumatopsyche gracilis 4.69 7.53 222 9.39 0.30 1.56 0.12 M ON
Cheumatopsyche gracilis 4.57 6.79 222 7.78 0.25 1.40 0.16 M ON
Cheumatopsyche gracilis 4.45 7.29 222 8.89 0.27 1.48 0.16 M ON
Cheumatopsyche gracilis 3.95 7.29 2.22 8.40 0.27 1.40 0.09 M ON
Cheumatopsyche gracilis 3.95 6.55 1.98 8.89 0.27 1.25 0.12 M ON
Cheumatopsyche gracilis 3.95 7.53 222 9.02 0.28 1.56 0.14 M ON
Cheumatopsyche gracilis 4.20 6.79 2.10 8.15 0.30 1.40 0.12 M ON
Cheumatopsyche gracilis 4.20 6.55 1.85 7.53 0.31 1.25 0.09 M ON
Cheumatopsyche gracilis 4.08 6.55 1.98 0.25 1.25 0.12 M AB
Cheumatopsyche harwoodi 5.06 6.92 1.98 6.92 0.23 1.25 0.16 F VA
Cheumatopsyche harwoodi 6.42 7.78 2.35 6.55 0.23 1.33 0.23 F NC
Cheumatopsyche harwoodi 7.29 8.27 2.47 7.66 0.27 1.56 0.23 F NC
Cheumatopsyche harwoodi 6.67 8.15 2.35 7.53 0.27 1.56 0.23 F NC
Cheumatopsyche harwoodi 6.55 7.78 247 6.42 0.27 1.56 0.23 F NC
Cheumatopsyche harwoodi 593 6.79 222 7.04 0.23 1.33 0.22 F NC
Cheumatopsyche harwoodi 5.68 6.18 1.85 5.80 0.23 1.25 0.16 F VA
Cheumatopsyche harwoodi 4.69 5.80 1.85 6.42 0.23 1.25 0.16 F VA
Cheumatopsyche harwoodi 4.32 7.04 1.98 7.29 0.23 1.25 0.16 F VA
Cheumatopsyche harwoodi 4.82 6.55 1.85 6.42 0.20 1.25 0.18 F VA
Cheumatopsyche harwoodi 4.57 6.18 1.85 7.04 0.22 1.09 0.16 F VA
Cheumatopsyche harwoodi 445 6.79 2.10 7.04 022 1.33 0.16 F VA
Cheumatopsyche harwoodi 5.06 6.92 1.98 7.78 0.23 1.40 0.12 M NC
Cheumatopsyche harwoodi 4.94 6.67 1.85 7.78 0.23 1.25 0.14 M VA
Cheumatopsyche harwoodi 4.57 6.30 1.98 7.90 0.22 1.17 0.12 M VA
Cheumatopsyche harwoodi 5.56 7.41 247 8.03 0.22 1.40 0.14 M NC
Cheumatopsyche harwoodi 5.56 6.79 2.10 7.66 0.23 1.40 0.16 M NC
Cheumatopsyche harwoodi 4.32 6.79 1.85 8.03 0.25 1.33 0.16 M VA

Hydropsychidae Hydropsychinae Cheumatopsyche harwoodi 4.08 6.18 1.85 7.16 0.20 1.17 0.12 M VvA
Cheumatopsyche harwoodi 5.56 7.41 2.10 8.03 0.23 1.40 0.16 M NC
Cheumatopsyche harwoodi 4.45 6.79 1.98 7.53 023 1.40 0.14 M VA
Cheumatopsyche harwoodi 4.94 7.04 1.98 8.77 0.22 117 0.12 M VA
Cheumatopsyche harwoodi 4.82 6.67 1.98 8.27 0.20 1.25 0.14 M VA
Cheumatopsyche harwoodi 4.94 7.41 2.10 8.77 0.23 1.25 0.16 M VA
Cheumatopsyche harwoodi 4.45 6.42 1.98 8.15 0.23 1.25 0.14 M VA
Cheumatopsyche harwoodi 4.69 6.42 1.85 7.41 0.23 125 0.14 M VA
Cheumatopsyche minuscula 4.45 7.16 2.10 6.92 0.31 1.25 0.23 F ON
Cheumatopsyche minuscula 6.18 8.15 247 7.78 0.27 1.33 0.20 F ON
Cheumatopsyche minuscula 5.68 7.78 222 7.90 0.27 1.40 0.20 F ON
Cheumatopsyche minuscula 5.31 7.53 222 7.41 0.31 1.48 0.23 F ON
Cheumatopsyche minuscula 5.19 7.41 2.35 7.41 027 1.48 0.20 F ON
Cheumatopsyche minuscula 4.82 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

Ch topsyche minuscula 6.18 8.27 2.47 8.40 0.27 1.56 0.22 F ON
Cheumatopsyche minuscula 5.19 8.03 222 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 8.27 235 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 8.03 247 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 7.53 222 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
Ch opsyche minuscula 4.69 6.92 222 7.53 0.27 1.48 0.12 F ON
Ch opsyche i ula 4.94 7.41 222 7.41 0.27 1.40 0.18 F ON
Cheumatopsyche minuscula 3.95 5.31 1.61 5.19 0.23 1.17 0.08 M AR
Cheumatopsyche minuscula 4.82 6.55 2.10 7.04 0.27 1.40 0.16 M ON
Cheumatopsyche minuscula 4.57 7.41 222 8.03 0.30 1.56 0.12 M ON
Cheumatopsyche minuscula 5.06 6.92 222 7.53 0.27 1.40 0.14 M ON
Cheumatopsyche minuscula 5.06 7.53 247 6.67 0.30 1.48 0.14 M ON
Ch opsyche minuscula 445 7.29 222 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
Ch opsyche minuscula 5.06 7.41 2.47 7.66 0.25 1.40 0.14 M ON
Ch topsyche minuscula 5.06 7.41 2.35 8.03 0.30 1.48 0.14 M ON

Hydropsychidae Hydropsychinac Cheumatopsyche mii ula 4.69 6.79 2.10 7.78 0.31 1.40 0.12 M ON
Ch topsyche minuscula 4.82 6.67 2.10 5.93 0.27 1.40 0.16 M ON
Ch topsyche mi ula 4.82 7.16 222 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 §C
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 6.80 0.24 1.30 0.18 F SsC
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 Mesotibial 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 7.10 220 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 1.90 720 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 1.61 531 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 5.31 023 1.01 0.08 M MT
Cheumatopsyche speciosa 3.83 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 1.24 531 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
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna FEye Mesotibial Mesotibial Sex State
Length Length Width Length Width  Length Width

Hydropsyche betteni 8.90 11.40 3.70 11.50 0.38 2.60 0.26 F NC
Hydropsyche betteni 9.10 11.10 3.20 11.90 0.52 240 0.26 F NC
Hydropsyche betteni 9.10 11.70 3.30 10.40 0.41 2.30 0.32 F SC
Hydropsyche betteni 10.30  11.30 3.80 10.10 0.41 2.40 0.32 F SC
Hydropsyche betteni 9.90 12.30 390 12.60 0.45 2.60 0.34 F SC
Hydropsyche betteni 9.20 10.70 3.80 11.00 0.41 2.50 0.29 F SC
Hydropsyche betteni 10.00 10.90 3.50 11.40 0.38 2.50 0.29 F SC
Hydropsyche betteni 9.70 11.00 3.80 12.00 0.45 2.60 0.34 F SC
Hydropsyche betteni 9.50 9.70 3.30 10.80 0.38 2.20 0.29 F SC
Hydropsyche betteni 9.40 11.10 3.30 11.70 0.38 2.50 0.26 F SC
Hydropsyche betteni 9.20 11.30 3.20 10.30 0.38 2.40 0.32 F SC
Hydropsyche betteni 9.90 10.60 3.20 10.60 0.38 2.30 0.26 F SC
Hydropsyche betteni 9.90 11.00 3.60 11.90 0.38 2.40 0.26 F SC
Hydropsyche betteni 10.00  10.50 3.90 12.20 0.38 2.40 0.32 F SC
Hydropsyche betteni 10.10  11.20 3.50 11.60 0.38 2.40 0.29 F SC
Hydropsyche betteni 10.30  10.70 3.80 11.60 0.41 2.60 0.26 F SC

Hydropsychidae Hydropsychinae Hydropsyche betteni 9.50 10.10 3.50 10.50 0.45 2.40 0.26 F SC
Hydropsyche betteni 8.50 11.60 3.90 13.80 0.48 2.90 0.16 M GA
Hydropsyche betteni 8.30 8.00 2.80 10.10 0.45 1.90 0.16 M SC
Hydropsyche betteni 8.00 9.80 3.30 11.00 0.42 2.30 0.21 M SC
Hydropsyche betteni 8.50 9.00 2.90 10.70 0.41 2.20 0.17 M SC
Hydropsyche betteni 7.30 8.40 2.80 10.30 0.38 2.20 0.16 M SC
Hydropsyche betteni 8.30 8.70 3.10 11.00 0.41 2.20 0.20 M SC
Hydropsyche betteni 9.00 9.50 2.90 11.20 0.45 2.20 0.22 M SC
Hydropsyche betteni 8.20 9.00 2.80 10.50 0.41 2.10 0.16 M SC
Hydropsyche betteni 7.30 8.90 2.70 10.40 0.45 2.10 0.18 M SC
Hydropsyche betteni 8.30 8.70 2.90 10.30 0.41 2.10 0.16 M SC
Hydropsyche betteni 8.30 9.30 3.20 10.50 0.41 2.10 0.16 M SC
Hydropsyche betteni 7.80 9.40 3.10 11.60 0.45 2.20 0.18 M SC
Hydropsyche betteni 9.10 9.90 3.30 11.80 0.45 2.00 0.18 M SC
Hydropsyche betteni 8.40 8.80 2.90 10.00 0.38 2.50 0.16 M SC
Hydropsyche betteni 9.10 9.80 3.00 10.80 0.34 2.20 0.21 M SC
Hydropsyche betteni 9.00 9.20 3.40 12.10 0.38 2.30 0.20 M SC
Hydropsyche betteni 8.60 9.40 3.80 11.10 038 2.30 0.21 M SC
Hydropsyche betteni 9.10 9.80 3.00 10.30 0.41 2.10 0.18 M SC
Hydropsyche betteni 9.90 10.40 3.10 12.60 0.41 2.40 0.21 M SC
Hydropsyche betteni 7.50 8.80 2.80 10.00 0.34 2.00 0.16 M SC
Hydropsyche betteni 8.20 9.40 2.50 10.30 0.41 1.60 0.16 M NC
Hydropsyche confusa 827 10.99 3.09 9.76 0.39 2.11 0.33 F MT
Hydropsyche confusa 8.40 11.12 2.96 9.26 0.35 2.11 0.35 F MT
Hydropsyche confusa 8.65 11.12 3.21 10.00 0.35 2.11 0.35 F MT
Hydropsyche confusa 8.15 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

Hydropsychidae Hydropsychinae

Genus

Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche

Species

confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
confusa
elissoma
elissoma
elissoma
elissoma
elissoma
elissoma

Body Wing Wing Antenna Eye
Length Length Width Length Width
7.29 10.25 2.84 9.14 0.35
9.14 11.86 3.33 10.62 043
8.65 9.63 321 9.26 0.35
8.03 10.50 3.09 8.65 0.31
8.65 10.99 259 10.00  0.39
9.76 11.12 2.96 10.13 0.43
9.02 10.62 3.09 9.02 0.39
7.90 9.76 2.72 9.76 0.39
7.53 9.02 2.59 8.77 0.35
7.78 9.39 2.59 8.77 0.35
8.27 1037 296 10.13 0.35
6.92 9.14 247 8.89 0.35
6.55 9.39 2.59 9.02 0.39
8.03 9.51 2.72 8.89 0.39
8.40 9.39 2.59 8.65 0.39
7.53 10.87 2.96 10.00 035
5.06 7.66 2.10 8.77 0.35
7.04 8.40 222 9.14 0.39
5.31 8.03 222 8.77 0.35
6.30 7.53 2.10 8.40 0.35
6.18 8.15 2.10 8.52 0.35
6.79 8.40 2.22 9.39 0.37
5.68 7.41 2.10 8.03 0.35
6.18 9.63 2.59 10.00  0.35
6.67 10.37 2.59 10.25 0.31
5.56 8.15 2.10 8.77 0.31
8.03 8.89 2.47 10.00  0.35
5.06 8.15 222 8.77 0.35
6.18 8.15 2.35 8.77 0.35
543 8.27 222 8.77 0.35
5.56 8.40 222 9.26 0.37
5.31 8.52 2.22 8.65 0.31
5.19 7.78 222 8.77 0.35
5.43 8.15 2.10 8.40 0.33
5.31 7.66 222 9.26 0.31
5.06 7.90 2.10 8.40 0.35
9.63 9.63 2.59 9.39 0.27
7.29 9.39 2.47 8.03 0.39
7.66 9.14 235 8.65 0.35
7.78 10.13 2.72 9.76 0.35
7.78 9.63 2.59 9.14 0.35
7.29 8.89 247 8.77 0.31
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Mesotibial
Length

1.95
2.11
2.03
2.11
2.18
2.26
2.03
1.95
1.87
1.95
1.95
1.79
1.79
1.87
1.79
1.95
1.56
1.79
1.72
1.56
1.64
1.87
1.64
1.64
1.64
1.72
1.79
1.72
1.72
1.72
1.72
1.72
1.72
1.64
1.72
1.56
2.11
1.95
1.79
211
1.95
2.03

Mesotibial Sex State

Width

0.31
0.39
0.35
0.33
0.35
0.37
0.39
0.31
0.31
0.31
0.31
0.31
0.27
0.31
0.31
0.31
0.17
0.16
0.16
0.16
0.16
0.17
0.16
0.23
0.17
0.16
0.23
0.16
0.20
0.16
0.16
0.16
0.17
0.16
0.16
0.16
0.23
0.29
0.29
023
0.27
0.23

MMM EZEELELIETEETEIIZEIZTZEZIREELEE o

MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
SC
sSC
sSC
SC
sC
sSC



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

Hydropsyche elissoma 7.29 9.88 2.96 9.14 0.30 2.03 0.27 F SC
Hydropsyche elissoma 7.78 9.14 2.72 9.02 0.35 1.79 0.23 F SC
Hydropsyche elissoma 8.65 9.63 2.84 9.39 0.35 1.95 0.23 F SC
Hydropsyche elissoma 7.78 9.39 2.72 8.65 0.35 1.95 0.23 F SC
Hydropsyche elissoma 7.66 9.39 2.59 9.02 0.39 1.79 0.31 F SC
Hydropsyche elissoma 7.90 9.51 2.59 9.63 0.35 2.03 0.31 F SC
Hydropsyche elissoma 7.53 10.00 2.72 7.53 0.31 1.95 0.27 F SC
Hydropsyche elissoma 8.27 10.37 2.72 9.39 0.37 2.18 0.31 F SC

Hydropsychidae Hydropsychinae Hydropsyche elissoma 7.66 9.26 222 8.89 0.35 1.87 0.23 F SC
Hydropsyche elissoma 7.53 9.63 272 9.26 0.27 1.64 0.23 F SC
Hydropsyche elissoma 8.40 9.76 2.10 8.65 0.29 2.03 0.23 F SC
Hydropsyche elissoma 7.16 9.39 2.47 8.52 0.31 1.79 0.23 F SC
Hydropsyche elissoma 7.29 9.51 2.72 8.40 0.34 1.87 0.31 F SC
Hydropsyche elissoma 7.53 9.26 2.35 8.27 0.39 1.79 0.20 F SC
Hydropsyche elissoma 7.66 10.00 2.72 8.77 0.35 2.18 0.16 M SC
Hydropsyche elissoma 7.90 9.14 2.10 8.89 0.39 2.11 0.16 M SC
Hydropsyche elissoma 8.15 9.51 247 8.89 0.43 2.18 0.16 M SC
Hydropsyche elissoma 8.27 9.63 222 9.14 0.39 2.11 0.16 M SC
Hydropsyche elissoma 7.53 8.65 2.10 8.27 0.39 1.95 0.16 M SC
Hydropsyche elissoma 7.66 9.39 222 9.14 0.39 1.79 0.16 M SC
Hydropsyche elissoma 7.78 8.89 2.47 8.65 0.41 1.95 0.16 M SC
Hydropsyche elissoma 7.90 9.26 2.35 8.65 0.41 2.03 0.16 M SC
Hydropsyche elissoma 7.41 8.89 2.59 9.02 0.34 2.03 0.16 M SC
Hydropsyche elissoma 7.78 9.63 2.72 9.14 0.39 2.03 0.16 M SC
Hydropsyche elissoma 8.27 9.76 2.47 9.14 0.35 2.18 0.16 M SC
Hydropsyche elissoma 8.40 9.88 222 9.76 0.37 2.11 0.20 M SC
Hydropsyche elissoma 8.27 10.00 2.59 9.51 0.41 2.11 0.20 M SC
Hydropsyche elissoma 6.92 9.02 2.59 8.52 0.35 1.72 0.16 M SC
Hydropsyche elissoma 7.78 9.02 2.47 8.89 0.35 2.03 0.23 M SC
Hydropsyche elissoma 8.40 9.88 2.72 9.39 0.39 2.18 0.20 M SC
Hydropsyche elissoma 8.15 9.39 222 8.52 0.39 2.03 0.16 M SC
Hydropsyche elissoma 7.78 9.39 2.59 8.77 0.35 2.03 0.16 M SC
Hydropsyche elissoma 7.66 9.39 2.72 9.02 0.39 2.03 0.16 M SC
Hydropsyche elissoma 8.27 10.00 2.72 9.39 0.39 2.18 0.20 M SC
Hydropsyche elissoma 7.90 9.76 2.47 8.89 0.39 2.03 0.16 M SC
Hydropsyche hageni 6.05 10.13 2.72 8.89 0.35 1.79 0.25 F VA
Hydropsyche hageni 9.63 12.60 37 11.24 0.55 2.26 0.33 F VA
Hydropsyche hageni 9.02 11.86 3.33 11.86 0.43 2.26 0.37 F VA
Hydropsyche hageni 8.03 10.62 3.09 10.00 0.47 1.87 0.35 F VA
Hydropsyche hageni 9.02 12.35 3.58 11.24 0.45 2.26 0.31 F VA
Hydropsyche hageni 9.26 13.09 3.46 11.36 047 2.26 0.31 F VA
Hydropsyche hageni 7.90 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 Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Length Width Length Width  Length Width
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 9.88 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 10.25 321 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 9.51 272 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 8.40 247 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 8.89 247 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  5.68 827  2.35 778 031 1.72 0.30 F MT
| Hydropsyche occidentalis 6.42 8.27 247 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 8.89 247 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 9.63 272 10.50 0.39 1.95 0.18 M CA
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Appendix B. Raw data (continued).
Family Subfamily Genus

Hydropsychidaec Hydropsychinae Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche
Hydropsyche

Hydropsychidae Hydropsychinae Hydropsyche
Hydropsyche
Hydropsyche

Hydropsychidae Hydropsychinae Potamyia

Species

occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
occidentalis
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris
scalaris

flava

Body Wing Wing Antenna Eye
Length Length Width Length Width
6.67 1025 284 1112 035
6.42 9.51 2.72 10.99  0.39
6.30 9.14 272 1025 0.39
6.05 1025  2.84 1025 0.3t
519 10.13 3.09 9.63 0.35
5.80 8.65 2.35 9.51 0.31
5.93 9.02 2.47 1025 0.35
6.18 9.51 2.47 8.65 0.27
5.93 8.15 2.35 9.51 0.33
5.56 8.65 2.47 9.88 0.31
6.30 9.26 2.59 1136 0.33
5.68 8.65 2.59 9.26 0.33
5.93 8.65 2.72 1037 035
5.56 8.52 2.47 10.13  0.31
4.94 8.15 222 9.39 0.31
5.56 7.66 2.10 8.40 0.27
9.76 1173 346 1136 047
7.53 1149 321 1013 043
9.02 1136 321 11.12 043
8.03 11.73 333 10.13 043
8.89 1173 321 1149 043
7.66 10.99 3.09 13.83 0.74
8.65 10.50  3.09 13.09 043
6.18 8.27 2.72 12.60 0.31
741 10.62 321 18.15 059
9.02 1112 333 1420 055
8.15 10.99  3.33 1433  0.55
840 1112 321 1396 049
926 1112 333 13.96 055
7.78 1050  3.33 1408 055
840 10.87 321 1420  0.51
8.40 11.36 3.09 14.20 0.51
926 1112 333 1396 055
852 1062 321 13.09 047
827 1112 296 13.83  0.55
840 1099 321 1396  0.51
877 1099  3.09 1433 0.51
9.02 1112 333 1420  0.51
8.03 10.13 321 1359 0.51
827 1025 3.09 13.83  0.51
8.65 1050  3.21 13.83  0.51
5.06 7.90 2.10 8.77 0.31
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Mesotibial
Length

2.03
2.11
1.95
2.11
1.95
1.79
1.79
1.72
1.72
1.79
1.72
1.79
1.72
1.72
1.64
1.56
2.18
2.11
2.18
2.18
2.18
2.11
2.18
1.64
2.03
2.18
2.26
2.11
2.11
2.11
2.26
2.11
2.18
2.03
2.18
2.11
2.18
2.11
1.87
2.11
2.1
1.40

Mesotibial Sex State

Width

0.16
0.18
0.16
0.16
0.16
0.20
0.20
0.17
0.16
0.16
0.16
0.20
0.16
0.17
0.16
0.16
0.31
0.35
0.31
0.31
0.31
0.23
0.23
0.16
0.16
0.23
0.23
0.23
023
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.31
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CA
CA
CA
CA
CA
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
VA
PA
PA
PA
PA
VA
PA
X
SC
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
FL



Appendix B. Raw data (continued).
Family Subfamily Genus

Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Potamyia
Hydropsychidae Hydropsychinae Potamyia
Potamyia
Potamyia
Hydropsychidae Macronematinae Leptonema
Leptonema
Leptonema
Leptonema
Leptonema

Species

Sflava
flava
Sflava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
Sflava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
flava
albovirens
albovirens
albovirens
albovirens
albovirens

Body Wing Wing Antenna Eye
Length Length Width Length Width
6.30 7.78 2.10 9.51 0.31
5.31 7.41 1.98 9.76 0.27
5.56 6.79 1.98 8.77 0.23
6.79 8.27 2.35 9.26 0.31
6.30 7.90 247 10.13 0.31
6.18 7.41 1.98 8.89 0.27
5.43 6.92 222 8.52 0.23
5.80 7.29 2.10 9.26 0.25
5.56 6.55 1.85 7.66 0.25
5.19 6.67 2.10 8.15 0.27
5.93 6.92 222 8.65 0.23
6.42 7.41 2.10 8.89 0.30
5.43 7.66 2.10 9.76 0.27
5.93 8.03 2.10 9.76 0.31
6.05 7.41 2.10 9.26 0.25
4.69 6.55 2.10 8.40 0.25
5.93 7.78 2.22 9.39 0.27
5.19 7.53 222 15.07 0.23
5.93 8.27 2.47 17.54 0.27
4.57 7.41 222 15.19 0.33
4.32 8.40 2.10 14.33 0.27
4.94 7.78 2.35 16.18 0.25
5.06 8.40 2.35 17.41 0.27
5.31 8.27 2.35 18.77 0.27
5.80 8.77 2.47 17.54 030
5.68 9.02 2.59 19.02 0.31
5.80 8.65 2.59 17.91 0.27
5.93 8.89 2.59 18.77 0.29
4.82 8.89 2.47 17.54 0.27
4.94 8.03 2.10 15.81 0.23
5.56 7.41 2.10 1494  0.23
5.43 8.03 222 16.18 0.23
4.94 7.29 222 16.92 0.31
5.80 8.15 2.47 16.18 0.23
5.31 8.15 2.47 15.81 0.27
5.19 7.66 222 15.31 0.22
5.68 8.65 222 1890  0.27
10.50 1445 4.69 0.47
1124 1445 5.06 0.51
11.73 1433 5.06 0.47
9.39 12.35 4.20 0.45
11.12 14.82 5.19 0.47
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1.56
1.25
1.33
1.56
1.48
1.33
1.25
1.40
1.33
1.25
1.33
1.33
1.56
1.40
1.40
1.33
1.40
1.56
1.56
1.40
1.48
1.56
1.64
1.48
1.79
1.64
1.72
1.48
1.72
1.48
1.48
1.56
1.56
1.64
1.64
1.56
1.64
3.28
3.74
3.74
3.35
3.82

Width

0.23
0.18
0.23
0.31
0.27
0.23
023
0.23
0.20
0.23
0.23
0.23
0.23
0.23
0.23
0.22
0.23
0.16
0.14
0.12
0.08
0.12
0.12
0.10
0.13
0.13
0.08
0.14
0.14
0.14
0.12
0.12
0.14
0.09
0.16
0.12
0.12
0.31
0.31
0.31
0.31
0.31
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Mesotibial Mesotibial Sex State
Length

FL

FL

OK
X
X
OK
OK
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
OK

OK
FL
FL
OK

X
X
X
X
X
X
X
OK
OK
X
OK
OK
OK
OK
MA
CR
CR
CR
CR
CR



Appendix B. Raw data (continued).
Family Subfamily Genus

Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Leptonema
Hydropsychidae Macronematinae Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Hydropsychidae Macronematinae Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
§ Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum

Species

albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
albovirens
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina
carolina

Body Wing Wing Antenna Eye
Length Length Width Length Width
11.36 1445 457 0.47
10.13  14.08 4.94 0.43
15.07  16.30 5.68 2507 043
10.87 16.18 543 26.68  0.55
12.35 14.45 5.19 22.60 0.51
11.73 1494 494 0.47
12.35 14.82 5.19 0.51
11.73  18.40 6.55 30.63  0.55
12.84  19.51 5.93 27.29 055
9.39 13.34  4.69 0.47
9.63 13.34 494 0.47
9.26 12.23 445 0.43
9.02 1210 420 0.43
9.51 11.98 3.95 25.07 0.39
10.00  13.71 4.82 0.39
9.88 13.71 4.57 0.44
1013 1359  4.69 0.47
8.77 11.86  4.32 0.47
10.00 12.60  4.69 0.39
11.60  12.30 4.20 14.70 0.45
10.10  13.60  4.60 1430 0.52
10.00 12,50 4.30 10.30 0.34
10.90 1330 450 13.70  0.55
1120 1220 420 9.10 0.66
9.30 12,50 3.90 11.10  0.59
10.60 1470 440 1520 048
9.80 1290 430 1420 045
8.60 12.70 3.90 1220 045
10.10 12.70 4.00 14.10 0.45
820  10.50 3.40 11.80  0.38
940  10.70 3.50 13.70 045
10.10  11.60 4.10 13.20 0.48
9.50 1170 3.70 11.30 048
8.00 1030 3.50 12.80 041
8.50 10.30 3.30 10.50 045
820 10.10 3.20 1220 041
9.90 1120 420 1270 041
10.00 11.70  4.00 1310 045
9.20  10.80 3.70 13.20 048
8.80  10.30 3.40 22,60  0.66
890  10.30 3.80 1630 0.52
8.60 11.10  3.80 2430 045

i15

Mesotibial
Length

3.35
3.59
3.43
421
3.67
3.90
3.74
4.68
4.37
3.51
3.51
3.12
335
2.89
343
351
3.59
320
3.43
2.70
2.90
2.60
2.70
2.70
2.50
3.00
2.20
2.70
2.70
2.40
2.30
2.60
2.50
2.30
2.30
220
2.50
2.70
2.40
1.60
2.70
2.70

Mesotibial Sex State

Width

0.31
0.31
0.27
0.31
0.31
0.31
0.31
0.31
0.39
0.23
0.23
0.23
0.23
0.25
0.31
0.31
0.31
0.23
0.31
0.42
0.51
0.49
0.45
0.42
0.43
0.50
0.45
0.42
0.47
0.39
0.42
0.45
0.42
0.42
0.37
0.37
0.47
0.46
0.42
0.26
0.25
0.25
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CR
CR
CR
MX
CR
CR
CR
MX
MX
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
sSC
SC
SC
sSC
SC
SC
SC
SC
SC
SC
GA
GA
GA
GA
GA
GA
GA
GA
GA
GA
SC
SC
SC



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

Macrostemum carolina 7.40 10.70 3.50 19.30 0.48 2.50 0.26 M SC
Macrostemum carolina 8.70 10.30 3.70 21.50 0.55 2.50 0.24 M SC
Macrostemum carolina 8.20 9.80 3.50 19.90 0.59 2.30 0.24 M SC
Macrostemum carolina 9.00 10.40 3.90 19.50 0.41 2.80 0.24 M SC
Macrostemum carolina 9.70 10.30 3.50 21.30 0.41 2.60 0.21 M SC
Macrostemum carolina 9.10 10.90 3.80 23.60 0.38 2.80 0.26 M SC
Macrostemum carolina 8.60 11.30 3.90 22.20 0.38 2.80 0.26 M SC
Macrostemum carolina 8.50 9.90 3.50 19.70 0.45 2.50 0.22 M SC
Macrostemum carolina 8.60 10.60 3.80 21.30 0.48 270 0.28 M SC
Macrostemum carolina 9.40 11.60 4.10 25.10 0.45 2.60 0.24 M SC
Macrostemum carolina 8.60 10.90 3.60 20.80 0.55 2.70 0.24 M SC
Macrostemum carolina 9.30 10.90 3.80 23.30 0.55 2.80 0.24 M SC
Macrostemum carolina 9.30 11.70 4.20 22.30 0.52 2.90 026 M SC
Macrostemum carolina 9.20 11.20 3.80 26.10 0.41 2.80 0.26 M SC
Macrostemum carolina 8.40 11.40 3.80 23.60 0.41 2.70 0.25 M SC
Macrostemum carolina 8.30 10.70 3.80 24.70 0.45 2.70 0.26 M SC
Macrostemum carolina 8.50 10.30 3.70 20.90 0.38 2.70 0.26 M SC
Macrostemum zebratum 9.26 13.96 3.95 17.66 0.39 2.57 0.47 F VA
Macrostemum zebratum 9.51 13.21 371 18.40 0.43 2.73 0.44 F VA
Macrostemum zebratum 10.50 12,72 3N 17.78 0.48 2.50 0.47 F MD
Macrostemum zebratum 9.02 11.24 333 15.07 0.43 2.18 0.43 F VA
Macrostemum zebratum 8.40 10.13 2.96 15.31 0.37 1.79 0.34 F VA
Macrostemum zebratum 10.62  12.35 371 16.67 0.51 2.57 047 F MD
Macrostemum zebratum 11.36 14.82 4.32 21.37 0.47 3.67 0.55 F ON
Macrostemum zebratum 10.50 12.47 3.95 19.14 0.47 2.57 0.47 F WI
Macrostemum zebratum 10.87 12.84 371 19.27 0.39 242 0.44 F wI

Hydropsychidae Macronematinae Macrostemum zebratum 11.36  12.47 3.95 19.02 0.37 2.34 0.47 F WI
Macrostemum zebratum 10.62  13.59 4.08 18.77 0.51 2.57 0.43 F Wl
Macrostemum zebratum 8.77 13.21 346 17.78 0.51 2.57 0.43 F WI
Macrostemum zebratum 8.65 11.61 3.33 18.53 0.47 2.42 0.39 F WwI
Macrostemum zebratum 9.02 10.37 3.21 18.90 0.39 1.95 0.37 F VA
Macrostemum zebratum 9.51 11.49 3.09 15.07 0.41 226 0.39 F VA
Macrostemum zebratum 9.26 10.87 3.09 15.68 0.35 2.34 0.39 F VA
Macrostemum zebratum 9.63 11.86 3.09 15.56 0.43 2.34 0.39 F VA
Macrostemum zebratum 8.65 10.62 3.21 15.19 0.39 226 0.39 F VA
Macrostemum zebratum 8.65 10.99 321 15.07 0.41 2.18 0.39 F VA
Macrostemum zebratum 10.62  12.60 371 18.15 0.45 2.57 0.45 F MD
Macrostemum zebratum 8.89 10.99 3.09 15.19 0.37 2.26 0.39 F MD
Macrostemum zebratum 10.13 1420 4.08 20.75 0.47 2.57 0.48 F VA
Macrostemum zebratum 9.51 11.86 3.71 15.44 0.39 2.34 047 F IL
Macrostemum zebratum 10.87 12.97 371 17.54 0.43 2.81 0.47 F IL
Macrostemum zebratum 10.74 1334 3.58 16.92 0.43 2.89 047 F IL
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Appendix B. Raw data (continued).

Family Subfamily Genus

Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Hydropsychidae Macronematinae Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum
Macrostemum

Species Body Wing Wing Antenna Eye
Length Length Width Length Width
zebratum 10.74  12.84 3.46 16.18 0.43
zebratum 10.87  13.83 3.83 19.14 0.43
zebratum 9.88 12.60 3.83 18.53 0.47
zebratum 10.62 12.72 3.83 16.30 0.47
zebratum 8.52 13.09 3.71 18.28 0.43
zebratum 1025 12.72 3.71 17.78 0.48
zebratum 8.89 13.83 3.83 29.89 0.43
zebratum 8.77 14.45 3.83 41.37 0.39
zebratum 7.53 14.33 3.95 43.47 0.55
zebratum 11.61  15.56 4.32 46.44 0.39
zebratum 8.15 14.20 4.08 42.98 0.39
zebratum 10.99 15.44 4.08 47.55 0.43
zebratum 7.90 14.82 3.95 45.08 0.43
zebratum 8.89 14.57 3.95 43.35 0.43
zebratum 9.63 16.06 420 48.04 0.43
zebratum 9.02 15.19 4.20 47.05 043
zebratum 8.77 12.35 321 35.20 0.39
zebratum 9.26 14.82 4.08 44.71 0.43
zebratum 8.65 15.44 395 36.06 0.39
zebratum 8.89 14.70 3.95 46.44 0.43
zebratum 8.27 14.94 3.71 45.70 043
zebratum 8.15 12.84 3.58 40.01 045
zebratum 7.90 12.35 3.46 35.44 0.37
zebratum 9.63 13.34 371 41.00 0.39
zebratum 8.77 13.09 3.83 38.90 0.39
zebratum 8.40 13.21 371 40.76 0.39
zebratum 9.26 13.83 3.83 37.30 0.43
zebratum 9.02 13.83 3.83 43.23 0.39
zebratum 8.65 12.35 3.33 36.43 0.35
zebratum 8.40 13.34 3.83 39.52 0.43
zebratum 9.20 13.88 3.59 41.03 0.43
zebratum 10.74 14.20 3.7 44.83 0.39
zebratum 9.39 14.82 4.20 46.93 0.43
zebratum 9.26 14.94 3.83 46.93 0.39
zebratum 9.14 13.96 3.95 43.23 0.41
zebratum 9.39 14.57 3.95 42.98 0.43
zebratum 7.90 12.47 3.33 35.94 0.37
zebratum 10.25  13.96 3.71 43.10 0.43
zebratum 9.63 14.20 3.83 42.73 0.35
zebratum 9.39 13.59 3.58 41.13 0.39
zebratum 7.41 13.09 3.71 40.88 0.35
zebratum 8.27 13.46 371 43.47 0.47
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Mesotibial
Length
242
2.65
2.73
2.57
2.34
2.57
2.89
3.04
2.89
335
3.12
3.28
3.20
3.12
3.82
3.20
2.81
312
2.89
3.04
2.96
2.81
2.96
3.04
3.04
3.04
3.04
2.96
2.96
2.65
3.12
3.12
3.28
2.96
3.12
3.04
2.81
3.04
3.04
2.50
2.50
2.73

Mesotibial Sex State

Width
0.43
0.47
0.49
0.47
0.47
0.43
0.23
0.23
0.27
0.30
0.31
0.31
0.27
0.27
0.27
0.23
0.30
0.31
0.30
0.31
0.23
0.27
0.31
0.30
0.27
0.27
0.31
0.31
0.31
0.23
0.23
0.31
0.31
0.31
0.31
0.31
0.27
0.31
0.31
0.23
0.20
0.23
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Appendix B. Raw data (continued).

Family Subfamily

Hydropsychidae Smicrideinae

Hydropsychidae Smicrideinae

Genus

Macrostemum
Macrostemum
Macrostemum
Macrostemum
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea

Species

zebratum
zebratum
zebratum
zebratum
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dispar
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra

Body Wing Wing Antenna Eye
Length Length Width Length Width
8.40 13.59 3.71 41.13 0.41
9.02 13.34 333 3890  0.39
8.77 1359 4.08 4502 043
8.27 14.45 3.95 4458 043
3.95 5.80 1.73 4.69 0.23
4.57 6.55 1.85 5.19 0.27
3.83 5.68 1.85 4.32 0.31
4.08 6.42 1.61 4.57 0.31
4.82 6.67 2.10 5.43 0.23
4.57 6.42 2.10 4.94 0.31
3.58 6.05 2.10 4.57 0.31
4.94 6.55 2.10 5.06 0.31
4.69 6.42 1.98 4.94 0.26
4.08 6.18 1.85 4.69 0.31
4.20 6.30 1.98 5.06 0.31
4.45 6.18 1.85 4.82 0.31
3.83 5.19 1.85 5.06 0.31
371 5.68 1.73 5.31 0.31
3.83 5.68 1.98 5.80 0.31
3.95 5.80 1.85 5.56 0.27
3.83 6.05 1.85 5.31 0.31
3.83 5.43 1.85 5.06 0.31
4.08 5.80 1.85 5.43 0.31
4.08 5.80 222 5.06 0.31
3.83 593 1.98 5.68 0.31
3.71 5.80 1.48 5.31 0.39
3.83 5.56 2.10 5.06 0.31
3.95 5.80 1.73 5.68 0.31
3.33 4.94 1.61 4.57 0.23
3.33 5.56 1.85 4.69 0.23
3.83 5.56 1.85 5.06 0.31
4.20 6.05 2.10 5.68 0.27
3.83 5.80 1.85 5.56 0.31
3.83 6.05 1.85 5.68 0.31
3N 5.68 1.85 5.19 0.31
3.83 593 1.85 5.68 0.23
4.80 5.90 1.90 5.60 0.17
4.60 5.50 1.70 5.40 0.21
430 5.80 1.70 5.70 0.21
4.30 5.70 1.80 5.50 0.17
5.10 5.60 1.90 5.50 0.21
5.00 5.80 1.80 5.50 0.21
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Mesotibial
Length
2.73
2.73
2.89
2.89
1.33
1.33
1.17
1.17
1.25
1.40
1.25
1.33
1.25
1.33
1.25
1.25
1.25
1.33
1.40
1.40
1.25
1.17
1.33
1.33
1.40
1.33
1.33
1.25
1.33
1.33
1.33
1.33
1.17
1.25
1.33
1.33
1.30
1.30
1.30
1.30
1.30
1.30

Mesotibial Sex State

Width
0.23
0.27
0.31
0.23
0.16
0.17
0.16
0.16
0.16
0.16
0.12
0.16
0.16
0.16
0.18
0.18
0.10
0.08
0.12
0.12
0.16
0.12
0.12
0.12
0.12
0.08
0.12
0.08
0.16
0.16
0.09
0.12
0.12
0.08
0.08
0.08
0.16
0.16
0.16
0.16
0.16
0.16
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Appendix B. Raw data (continued).

Family Subfamily

Hydropsychidae Smicrideinae

Genus

Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea
Smicridea

Species

dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
dithyra
Jasciatella
Jasciatella
Jasciatella
fasciatella
Sasciatella
Jasciatella
fasciatella
Jasciatella

Body Wing Wing Antenna Eye
Length Length Width Length Width
5.00 6.10 1.90 5.60 0.21
4.40 5.70 2.00 6.10 0.21
4.10 5.40 1.70 5.70 0.17
4.40 5.70 1.80 5.70 0.24
4.60 6.00 1.90 6.00 0.17
5.00 6.00 1.90 6.20 0.21
4.20 5.30 1.70 5.30 0.21
4.20 6.00 1.90 6.10 0.21
5.10 5.80 2.00 5.30 0.21
4.30 5.70 1.90 5.30 0.21
5.10 5.30 1.70 5.40 0.21
4.80 5.70 1.70 5.20 0.21
4.60 6.10 1.90 5.70 0.21
5.00 6.10 1.90 6.00 0.17
4.60 5.00 1.70 5.30 0.24
4.30 5.50 1.70 5.60 0.17
4.60 5.00 1.90 6.20 0.17
4.60 5.50 1.80 5.80 0.21
4.30 5.20 1.80 5.80 0.19
4.50 5.50 1.90 5.60 0.21
4.70 5.20 1.80 5.50 0.21
4.40 5.30 1.90 5.70 0.17
4.60 5.30 1.80 5.80 0.24
4.50 5.00 1.90 6.00 0.21
4.10 5.20 1.60 5.60 0.21
4.20 5.20 1.60 5.60 0.24
4.40 5.50 1.80 5.00 0.24
4.50 5.40 1.80 5.40 0.24
4.20 5.50 1.90 6.00 0.17
4.50 5.10 1.90 5.50 0.22
4.30 5.80 1.80 5.20 0.24
4.10 5.50 1.80 5.60 0.24
4.80 5.20 1.60 5.50 0.24
4.80 5.30 1.80 6.00 0.21
5.06 6.79 222 6.05 0.25
5.19 6.42 1.85 5.31 0.27
5.06 6.55 2.10 5.68 0.27
4.94 6.30 1.98 5.19 0.23
5.80 6.67 222 5.56 0.23
5.31 6.42 2.10 5.31 0.23
5.06 6.18 1.85 5.31 0.23
6.18 6.67 2.10 5.80 0.25
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Mesotibial
Length
1.20
1.20
1.20
1.20
1.30
1.30
1.20
1.30
1.30
1.20
1.20
1.20
1.40
1.30
1.20
1.30
1.30
1.30
1.40
1.40
1.20
1.20
1.30
1.30
1.30
1.30
1.30
1.30
1.30
1.30
1.20
1.30
1.30
1.30
1.33
1.40
1.40
1.40
1.48
1.40
1.48
1.33

Mesotibial Sex State

Width
0.12
0.16
0.16
0.16
0.16
0.20
0.14
0.17
0.14
0.16
0.16
0.13
0.16
0.14
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.12
0.11
0.11
0.11
0.12
0.11
0.11
0.16
0.16
0.16
0.16
0.20
0.16
0.14
0.17

T EEEIETEZLTETEEREREREREEZEZREs My i

MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
MX
X
X
X
X
CA
X
X
CA



Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna Eye Mesotibial Mesotibiai Sex State
Length Length Width Length Width  Length Width

Smicridea fasciatella 6.42 6.79 2.10 5.19 0.25 1.48 0.16 F CA
Smicridea Jasciatella 5.31 6.55 2.10 5.56 0.23 1.48 0.16 F CA
Smicridea Jasciatella 5.80 6.55 2.10 5.56 0.27 1.33 0.16 F T1X
Smicridea Jasciatella 4.57 6.79 222 5.68 0.23 1.33 0.14 F TX
Smicridea Jasciatella 6.55 6.42 2.10 6.05 0.27 1.48 0.20 F CA
Smicridea Jasciatella 4.82 6.42 2.10 5.31 0.25 1.17 0.22 F CA
Smicridea Jasciatella 4.82 6.18 2.10 5.06 0.25 1.56 0.14 F TX
Smicridea Jasciatella 5.19 6.55 2.10 5.68 0.31 1.56 0.16 F TX
Smicridea Jasciatella 5.56 6.79 2.10 5.80 0.25 1.56 0.16 F CA
Smicridea Jasciatella 6.18 6.18 1.98 5.93 0.25 1.48 0.16 F CA

Hydropsychidae Smicrideinac  Smicridea Sasciatella 4.94 6.67 1.98 5.43 0.23 1.40 0.17 F CA
Smicridea Sfasciatella 543 6.30 1.98 543 0.27 1.40 0.20 F CA
Smicridea fasciatella 4.94 6.42 2.10 6.55 0.31 1.56 0.14 M TX
Smicridea fasciatella 4.94 7.04 2.10 6.18 0.23 1.48 0.16 M TX
Smicridea Jasciatella 4.32 6.30 2.10 5.68 0.22 1.33 0.12 M CA
Smicridea Jasciatella 4.45 6.42 1.85 6.18 0.27 1.40 0.12 M CA
Smicridea Jasciatella 4.45 5.68 1.85 5.43 0.27 1.40 0.16 M TX
Smicridea Jasciatella 4.69 6.55 2.10 6.30 0.23 1.48 0.16 M TX
Smicridea Jasciatella 5.68 6.67 1.85 5.80 0.25 1.56 0.12 M CA
Smicridea Jasciatella 4.82 6.30 1.98 6.30 0.23 1.56 0.16 M TX
Smicridea Jasciatella 4.69 6.55 2.10 6.30 0.27 1.48 0.14 M TX
Smicridea Jasciatella 4.82 6.30 2.10 6.30 0.27 1.48 0.14 M TX
Smicridea Jasciatella 4.69 5.80 1.98 5.56 0.25 117 0.14 M TX
Smicridea Jasciatella 4.57 6.30 1.73 5.93 0.23 1.48 0.09 M CA
Smicridea fasciatella 5.06 6.42 1.98 6.42 0.27 1.33 0.14 M CA
Smicridea Sasciatella 5.93 5.56 1.85 5.80 0.23 1.40 0.14 M CA
Smicridea Jasciatella 4.57 5.80 1.85 5.93 0.27 1.40 0.14 M TX
Smicridea fasciatella 4.57 5.93 1.85 5.56 0.23 1.48 0.14 M CA
Smicridea fasciatella 4.57 6.30 1.73 6.18 0.23 1.48 0.14 M TX
Smicridea Jfasciatella 5.43 6.55 222 6.42 0.27 1.33 0.12 M CA
Smicridea Jasciatella 5.68 6.55 1.98 6.30 0.25 1.48 0.14 M CA
Smicridea Sasciatella 4.57 6.30 1.85 593 0.25 1.17 0.12 M CA

Philopotamidae Chimarrinae Chimarra aterrima 5.68 8.15 222 6.30 0.23 1.40 0.16 F VA
Chimarra aterrima 5.80 7.41 2.10 6.05 0.27 1.48 0.16 F VA
Chimarra aterrima 5.43 7.78 1.73 5.93 0.27 1.48 0.16 F VA
Chimarra aterrima 5.31 7.78 222 6.30 0.23 1.56 0.20 F VA
Chimarra aterrima 5.43 7.66 2.10 5.80 0.27 1.25 0.16 F VA
Chimarra aterrima 5.68 7.53 1.98 5.80 0.23 1.48 0.16 F VA
Chimarra aterrima 5.43 6.79 222 6.05 0.23 1.48 0.16 F VA
Chimarra aterrima 5.80 7.53 1.98 5.80 0.23 1.40 0.16 F VA
Chimarra aterrima 6.18 7.53 1.98 6.30 0.23 1.48 0.20 F VA
Chimarra aterrima 5.93 7.66 2.10 5.93 0.23 1.56 0.16 F VA
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna FEye Mesotibial Mesotibial Sex State
Length Length Width Length Width  Length Width
Chimarra aterrima 5.80 8.03 222 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 VvaA
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
Philopotamidae Chimarrinae 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 0.23 140 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 5.68 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 543 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 5.68 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 7.78 222 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 5.68 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 1050 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 2.26 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 0.34 257 0.20 F ID
Dolophilodes aequalis 9.14 10.87 2.84 8.65 0.35 2.50 0.18 F D
Dolophilodes aequalis 10.00 1247 3.09 10.00  0.39 257 0.16 F UT
Dolophilodes aequalis 9.26 12.23 321 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 5.68 0.27 1.48 0.09 F NF
Dolophilodes distinctus 5.19 7.16 222 5.68 0.23 1.64 0.12 F NF
122



Appendix B. Raw data {continued).

Family Subfamily

Polycentropodidae

Polycentropodidae

Genus

Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Dolophilodes
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis

Species

distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
distinctus
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata

Body Wing Wing Antenna Eye
Length Length Width Length Width
5.19 6.67 222 5.31 027
4.82 7.29 2.35 5.06 0.26
4.69 6.55 2.10 4.69 0.23
5.56 6.92 2.10 5.80 0.23
4.82 6.67 1.98 6.05 0.31
445 6.42 1.98 5.19 0.27
4.08 6.18 2.10 5.68 0.27
4.45 6.79 2.10 5.68 0.26
432 6.55 1.98 6.05 0.27
4.57 7.29 2.10 6.18 0.27
4.82 6.30 2.10 6.30 0.31
445 7.16 2.10 6.30 0.31
4.32 6.55 2.10 5.93 0.25
445 6.79 222 6.42 0.27
5.06 6.79 2.10 6.42 0.30
4.45 6.92 2.10 6.05 027
4.82 7.04 222 6.18 0.27
4.69 7.04 2.10 5.80 0.23
4.20 7.04 2.35 6.30 0.27
4.69 7.16 222 6.30 0.27
445 6.42 2.10 5.80 0.31
4.69 6.67 222 5.93 0.31
3.95 6.18 2.10 5.43 0.23
4.69 6.79 2.35 5.68 0.27
445 7.04 222 5.80 0.31
4.08 6.67 2.10 6.05 0.31
4.69 6.42 1.98 5.56 0.27
6.42 7.66 222 5.31 0.31
6.92 8.89 2.35 6.05 0.23
593 8.27 2.10 5.68 0.23
5.56 8.52 2.22 5.68 0.23
6.79 9.26 2.47 6.42 0.24
6.05 8.52 2.35 5.31 0.23
6.79 8.65 2.35 6.18 0.27
5.43 8.03 2.10 5.19 0.25
5.93 8.65 2.22 543 0.31
593 8.40 2.22 5.43 0.27
5.68 9.51 2.47 6.55 0.35
7.04 9.14 2.59 6.30 0.3t
8.52 9.51 2.96 5.80 0.31
8.40 8.77 247 6.92 0.35
8.03 9.14 2.72 6.30 0.39
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Mesotibial
Length
1.56
1.64
1.56
1.56
1.48
1.40
1.56
1.56
1.56
1.56
1.48
1.64
1.56
1.40
1.56
1.56
1.56
1.72
1.56
1.79
1.56
1.56
1.48
1.48
1.40
1.64
1.40
1.79
1.95
1.87
1.95
2.03
1.95
2.03
1.95
1.95
1.95
2.18
2.11
2.18
2.11
2.03

Mesotibial Sex State

Width
0.12
0.12
0.12
0.14
0.12
0.08
0.11
0.12
0.12
0.12
0.08
0.09
0.12
0.08
0.08
0.09
0.12
0.12
0.09
0.12
0.09
0.09
0.09
0.12
0.09
0.09
0.09
0.22
0.31
0.27
0.25
0.31
0.27
0.29
0.22
0.26
0.31
0.32
0.31
0.31
0.31
0.33

mmma T EEERREEZEREREERREREEEREREREREE

TEEEEE

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
AK
NWT
NWT
NWT
NWT
NWT

NWT
NWT



Appendix B. Raw data (continued).

Family Subfamily

Polycentropodidae

Genus

Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis

Neureclipsis

Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis
Neureclipsis

Species

bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
bimaculata
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis
crepuscularis

Body Wing Wing Antenna Eye
Length Length Width Length Width
8.03 9.63 2.84 6.05 0.35
8.15 9.39 2.96 6.30 0.39
7.78 9.51 2.59 6.18 0.35
8.03 9.51 2.84 6.55 0.35
5.43 6.79 1.98 5.56 0.27
5.43 7.41 1.98 6.18 0.27
5.31 7.41 1.98 6.18 0.25
4.45 6.79 1.98 4.32 0.23
5.19 7.16 222 5.68 0.27
5.68 7.04 2.10 6.05 0.30
4.57 6.79 2.10 5.06 0.23
4.82 6.42 1.73 5.43 0.23
4.57 6.18 1.98 6.05 0.20
3.95 6.42 1.98 5.43 0.23
4.32 6.67 1.85 5.43 0.23
4.20 6.18 1.73 5.06 0.20
4.20 7.04 1.73 6.92 0.23
4.94 6.67 1.98 5.31 0.27
3.83 5.93 1.61 5.06 0.20
4.20 6.67 1.98 5.56 0.23
4.45 6.42 1.61 5.19 0.23
4.45 6.67 1.85 5.56 0.23
4.69 6.79 1.85 5.43 0.23
4.69 6.79 1.98 5.80 0.23
6.55 7.66 2.10 5.80 0.23
6.30 7.16 2.10 5.68 0.23
5.80 7.66 2.35 5.80 0.23
4.82 6.67 1.85 5.31 0.23
5.43 6.92 1.98 5.56 0.25
5.56 7.53 2.10 5.56 0.27
6.42 7.66 2.10 5.80 0.25
5.19 6.92 1.73 5.31 0.22
5.43 7.16 222 5.06 0.25
5.19 7.29 2.10 5.56 0.20
6.05 6.79 222 5.93 0.27
5.43 7.04 2.10 5.43 0.23
6.30 7.29 1.98 5.56 0.23
5.68 7.41 2.10 5.68 0.23
4.45 6.67 1.98 5.06 0.23
5.19 7.53 2.47 6.18 0.23
5.56 7.16 2.59 6.30 0.31
6.42 8.15 247 6.18 0.30
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Mesotibial
Length
2.26
1.87
1.64
2.11
1.56
1.79
1.72
1.64
1.64
1.72
1.56
1.64
1.64
1.56
1.56
1.56
1.56
1.64
1.56
1.56
1.56
1.56
1.64
1.56
1.56
1.72
1.72
1.56
1.72
1.79
1.56
1.56
1.64
1.56
1.72
1.72
1.79
1.64
1.56
1.72
1.87
1.79

Mesotibial Sex State

Width

0.33
0.34
0.35
0.33
0.16
0.16
0.17
0.17
0.16
0.22
0.16
0.16
0.16
0.16
0.14
0.16
0.20
0.16
0.16
0.17
0.16
0.16
0.16
0.16
0.23
0.23
0.23
0.23
0.20
0.27
0.27
0.23
023
0.22
0.27
0.20
0.23
0.23
0.22
0.20
0.23
0.24
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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

Neureclipsis crepuscularis ~ 4.57 6.05 2.10 4.82 0.35 1.56 0.16 M ON
Neureclipsis crepuscularis  4.69 6.55 1.85 5.19 0.23 1.56 0.16 M ON
Neureclipsis crepuscularis ~ 4.32 6.18 1.85 5.19 0.23 1.56 0.16 M ON
Neureclipsis crepuscularis  4.45 5.19 1.85 5.43 0.23 1.56 0.16 M ON
Neureclipsis crepuscularis 420 5.93 1.61 5.19 0.23 1.40 0.16 M ON
Neureclipsis crepuscularis  4.20 6.05 1.73 5.43 0.23 1.48 0.16 M ON
Neureclipsis crepuscularis  5.68 6.67 1.98 5.68 0.31 1.72 0.23 M ON
Neureclipsis crepuscularis  4.69 6.30 1.85 5.19 0.23 1.48 0.14 M ON
Neureclipsis crepuscularis ~ 4.08 5.43 1.85 5.31 0.23 1.48 0.12 M ON
Neureclipsis crepuscularis  3.83 5.31 1.73 5.31 0.31 1.33 0.12 M ON
Neureclipsis crepuscularis ~ 4.20 6.05 1.85 4.82 0.23 1.40 0.16 M ON
Neureclipsis crepuscularis  4.20 6.55 1.98 5.43 0.23 1.56 0.16 M O
Neureclipsis crepuscularis  4.69 6.05 1.98 5.06 0.23 1.33 0.12 M ON
Neureclipsis crepuscularis  4.82 6.30 1.98 5.31 0.23 1.33 0.12 M ON
Neureclipsis crepuscularis ~ 3.95 6.30 2.10 5.68 0.23 1.56 0.16 M ON
Neureclipsis crepuscularis ~ 4.08 6.55 1.85 5.56 0.31 1.56 0.16 M ON
Neureclipsis crepuscularis  4.20 6.05 2.10 5.06 0.31 1.48 0.16 M ON
Neureclipsis crepuscularis  4.20 6.18 1.98 4.94 0.27 1.56 0.12 M ON
Neureclipsis crepuscularis ~ 4.45 5.93 1.98 5.19 0.27 1.48 0.16 M ON
Neureclipsis crepuscularis  4.32 5.80 1.85 5.06 0.23 1.40 0.16 M ON

Polycentropodidae Polycentropus cinereus 6.18 7.66 247 6.42 0.31 1.79 0.23 F ON
Polycentropus cinereus 6.18 8.03 247 6.42 0.23 1.87 0.26 F ON
Polycentropus cinereus 5.80 7.78 247 6.42 0.23 1.79 0.23 F ON
Polycentropus cinereus 6.05 8.03 235 6.42 0.23 1.95 0.23 F ON
Polycentropus cinereus 6.18 8.40 2.47 6.55 0.27 1.79 0.23 F ON
Polycentropus cinereus 5.43 7.78 247 6.30 0.27 1.87 0.23 F ON
Polycentropus cinereus 5.43 7.53 222 6.05 0.27 1.79 0.23 F ON
Polycentropus cinereus 6.79 8.03 2.47 6.30 0.27 1.95 0.23 F ON

Polycentropodidae Polycentropus cinereus 5.80 7.78 2.35 6.42 0.23 1.72 0.22 F ON
Polycentropus cinereus 6.30 8.65 2.59 6.42 0.23 2.03 0.23 F ON
Polycentropus cinereus 5.93 7.29 2.35 6.05 0.23 1.79 0.23 F ON
Polycentropus cinereus 6.05 8.40 2.47 6.30 0.23 1.72 0.22 F ON
Polycentropus cinereus 5.93 7.29 222 6.05 0.27 1.56 0.18 F ON
Polycentropus cinereus 5.56 6.42 2.22 5.56 0.27 1.56 0.17 F ON
Polycentropus cinereus 5.80 7.78 235 5.56 0.31 1.72 0.17 F ON
Polycentropus cinereus 6.30 7.53 2.59 6.18 0.30 1.95 0.23 F ON
Polycentropus cinereus 5.56 7.16 222 5.80 0.31 1.64 0.23 F ON
Polycentropus cinereus 5.68 7.16 222 5.80 0.23 1.87 0.22 F ON
Polycentropus cinereus 5.68 7.29 247 6.18 0.31 1.79 0.23 F ON
Polycentropus cinereus 6.18 7.90 2.47 5.56 0.27 1.87 0.23 F ON
Polycentropus cinereus 5.19 7.29 2.59 6.92 0.31 1.79 0.16 M ON
Polycentropus cinereus 543 7.04 2.35 6.55 0.31 1.72 0.16 M ON

125



Appendix B. Raw data (continued).

Family Subfamily

Polycentropodidae

Genus

Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus
Polycentropus

Species

cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
cinereus
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis
crassicornis

Body Wing Wing Antenna Eye
Length Length Width Length Width
5.06 7.41 2.47 6.92 0.27
5.06 7.16 2.22 6.55 0.31
5.43 7.29 2.47 5.93 0.31
5.31 7.16 222 6.30 0.31
6.42 7.53 2.59 6.92 0.27
5.43 6.79 2.10 6.67 0.31
6.05 6.92 222 6.30 0.31
5.19 6.79 222 6.55 0.27
5.56 7.41 222 6.55 0.29
5.93 7.90 2.35 7.04 0.27
4.69 6.55 2.10 6.30 0.27
5.56 6.79 2.22 6.30 0.31
5.56 6.55 2.10 6.42 0.31
5.43 7.16 2.22 6.79 0.27
5.19 6.92 2.10 6.42 0.31
5.56 6.92 222 6.42 0.27
5.56 6.92 2.10 6.92 0.27
5.43 7.16 222 6.92 0.23
6.55 8.27 2.59 7.53 0.31
6.05 7.90 2.35 6.42 0.24
6.05 7.90 2.47 6.92 0.27
5.68 7.53 2.22 6.18 0.27
6.05 7.90 2.47 7.16 0.27
6.30 8.03 2.35 6.30 0.27
6.55 7.78 247 6.55 0.23
6.30 7.66 2.35 6.30 0.23
6.18 8.03 2.59 6.42 0.31
6.05 7.41 2.47 5.68 0.27
6.79 8.77 2.72 6.92 0.31
5.56 7.78 247 6.42 0.23
6.67 8.65 2.59 7.53 0.30
5.56 7.04 222 6.30 0.23
6.42 7.53 247 6.79 0.25
5.93 7.90 2.47 6.18 0.23
5.56 7.29 2.35 6.55 0.27
6.67 7.90 2.47 6.30 0.23
6.30 7.53 2.59 6.79 0.23
5.06 7.29 222 5.56 0.23
6.18 7.53 2.59 6.92 0.31
6.18 8.27 2.72 8.89 0.35
7.53 9.02 3.09 1037 039
6.92 9.88 3.21 10.00  0.41
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Mesotibial
Length

1.79
1.79
1.79
1.79
1.87
1.79
1.72
1.56
1.79
1.87
1.64
1.64
1.64
1.72
1.64
1.64
1.64
1.79
2.03
1.79
1.95
1.72
2.03
2.03
1.72
1.87
1.87
1.87
1.95
1.87
2.11
1.56
1.87
1.79
1.64
1.87
1.95
1.72
1.87
2.18
2.34
2.50

Mesotibial Sex State

Width

0.23
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.14
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.20
0.16
0.18
0.16
0.16
0.16
0.16
0.17
0.16
0.16
0.22
0.19
0.23
0.16
0.16
0.16
0.17
0.16
0.20
0.16
0.23
0.23
0.23
0.23
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ON
ON
ON
ON
MT
MT
MT
MT
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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

Polycentropus crassicornis 7.53 10.25 3.33 11.12 0.43 2.57 0.23 M VA
Polycentropus crassicornis 7.66 8.77 2.96 10.00 0.43 2.18 0.23 M VA
Polycentropus crassicornis 7.53 10.00 3.21 11.12 0.43 2.34 0.23 M VA
Polycentropus crassicornis 8.03 10.13 333 11.36 0.47 1.95 0.23 M VA
Polycentropus crassicornis 6.30 9.88 333 9.76 0.39 2.34 0.22 M VA
Polycentropus crassicornis 5.93 9.26 3.09 10.00 0.39 242 0.23 M VA
Polycentropus crassicornis 6.79 9.26 2.96 9.14 0.39 2.18 0.23 M VA
Polycentropus crassicornis 7.16 9.26 3.33 9.39 0.43 2.26 0.23 M ON
Polycentropus crassicornis 6.55 8.65 2.84 8.77 0.39 2.26 0.20 M ON

Psychomyiidae Psychomyiinae Lype diversa 3.83 5.31 1.48 6.79 0.16 1.33 0.09 F MO
Lype diversa 3.46 5.43 1.24 445 0.16 1.17 0.12 F MO
Lype diversa 4.57 5.31 1.48 4.57 0.16 1.33 0.12 F MO
Lype diversa 3.83 5.06 1.36 4.08 0.17 1.25 0.08 F MO
Lype diversa 4.57 5.19 1.48 457 0.16 1.33 0.09 F MO
Lype diversa 3.58 494 1.36 3.71 0.23 1.09 0.16 F wv
Lype diversa 3.71 5.06 1.48 432 0.16 1.33 0.16 F wWv
Lype diversa 333 5.06 1.36 3.83 0.16 1.09 0.12 F TN
Lype diversa 321 5.06 1.36 3.95 0.20 1.25 0.14 F ON
Lype diversa 3.09 4.82 1.24 3.83 0.16 1.17 0.13 F ON
Lype diversa 346 5.56 1.36 4.32 0.16 1.25 0.16 F ON

Psychomyiidae Psychomyiinae Lype diversa 3.09 5.19 1.36 4.32 0.16 1.17 0.16 F ON
Lype diversa 321 543 1.36 4.08 0.17 1.25 0.16 F ON
Lype diversa 3.46 5.19 1.36 4.20 0.16 1.25 0.16 F ON
Lype diversa 3.21 445 1.24 371 0.20 1.09 0.16 F ON
Lype diversa 3.46 5.31 1.36 4.20 0.20 1.25 0.14 F ON
Lype diversa 4.20 5.19 1.24 4.08 0.20 1.17 0.12 F ON
Lype diversa 4.45 5.43 1.48 4.45 0.16 1.33 0.12 F ON
Lype diversa 3.33 4.94 1.36 3.95 0.16 1.17 0.09 F GA
Lype diversa 4.32 4.82 1.24 3.71 0.16 0.94 0.09 F GA
Lype diversa 2.96 4.32 1.24 4.45 0.16 1.17 0.08 M MO
Lype diversa 4.45 4.69 1.36 5.06 0.16 1.17 0.08 M MO
Lype diversa 2.96 4.32 1.24 457 0.16 1.09 0.08 M MO
Lype diversa 3.09 3.83 1.11 4.32 0.16 1.09 0.08 M MO
Lype diversa 2.96 4.57 1.24 4.57 0.20 1.17 0.09 M MO
Lype diversa 2.96 4.32 1.24 4.08 0.16 1.09 0.08 M ON
Lype diversa 3.09 4.20 1.24 4.94 0.16 1.09 0.08 M ON
Lype diversa 2.47 395 1.11 4.08 0.16 1.01 0.08 M ON
Lype diversa 4.08 371 1.11 4.20 0.16 1.01 0.09 M ON
Lype diversa 2.96 4.32 1.24 4.94 0.16 1.01 0.08 M ON
Lype diversa 272 3.95 1.24 4.20 0.16 1.09 0.08 M ON
Lype diversa 247 4.20 1.11 4.32 0.16 1.01 0.08 M NC
Lype diversa 2.59 3.46 1.11 3.83 0.16 0.94 0.08 M GA
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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

Lype diversa 247 3.46 0.99 3.83 0.16 0.94 0.08 M GA
Lype diversa 247 3.09 0.86 3.46 0.16 0.78 0.08 M GA
Lype diversa 2.84 3.58 1.11 3.83 0.20 1.33 0.08 M ON
Lype diversa 2.84 3.95 1.36 3.83 0.16 0.94 0.08 M ON
Lype diversa 2.59 3.58 0.99 3.95 0.16 0.86 0.08 M ON
Lype diversa 247 3.58 1.11 3.83 0.16 0.86 0.08 M ON
Lype diversa 321 395 1.24 4.45 0.20 0.86 0.09 M ON

Psychomyiidac Psychomyiinae Psychomyia Sflavida 4.20 4.94 1.11 3.83 0.16 1.17 0.12 F MT
Psychomyia Sflavida 4.45 5.43 1.36 4.08 0.23 1.17 0.14 F MT
Psychomyia flavida 4.32 543 1.24 2.96 0.16 1.09 0.14 F MT
Psychomyia flavida 4.69 543 1.36 4.08 0.18 1.17 0.14 F MT
Psychomyia flavida 4.32 5.43 1.36 371 0.18 1.25 0.16 F MT
Psychomyia Sflavida 4.82 5.56 1.24 432 0.16 1.17 0.14 F MT
Psychomyia flavida 4.45 5.31 1.24 371 0.16 1.17 0.15 F MT
Psychomyia flavida 4.57 5.56 1.24 3.95 0.16 1.17 0.14 F MT
Psychomyia favida 420 543 1.24 3.83 0.16 1.17 0.12 F MT

Psychomyiidae Psychomyiinae Psychomyia flavida 4.32 4.94 1.24 3.83 0.16 1.17 0.14 F MT
Psychomyia favida 2.59 5.19 1.36 4.82 0.16 1.25 0.12 M MT
Psychomyia flavida 2.84 4.82 1.36 4.69 0.16 1.17 0.12 M MT
Psychomyia flavida 2.72 4.57 1.36 4.32 0.16 1.09 0.12 M MT
Psychomyia flavida 3.33 5.06 1.48 5.06 0.20 1.17 0.08 M MT
Psychomyia flavida 3.58 5.80 1.36 5.68 0.16 1.17 0.08 M MT
Psychomyia favida 2.47 4.32 1.11 4.08 0.20 1.17 0.08 M MT
Psychomyia flavida 2.59 4.57 1.24 4.20 0.16 1.17 0.08 M MT
Psychomyia flavida 3.09 4.45 1.11 4.45 0.16 1.09 0.10 M MT
Psychomyia flavida 2.84 4.82 1.24 4.45 0.16 1.01 0.08 M MT
Psychomyia flavida 2.84 4.32 0.99 3.95 0.16 1.09 0.10 M MT
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Table A.1. Sample sizes, museum collections and state/province where specimens of Hydropsychidae caddisflies were collected.

Subfamily
Genus species

Arctopsychinae
Arctopsyche grandis
Arctopsyche irrorata
Parapsyche elsis
Diplectroninae
Diplectrona modesta
Hydropsychinae

Cheumatopsyche aphanta

Cheumatopsyche gracilis

Cheumatopsyche harwoodi

Cheumatopsyche minuscula

Sample Size
F M
20 20
6 20
15 20
20 20
15 19
20 26
12 14
21 12

Collection

Montana State University Entomology
Collection (MTEC)

Clemson University Arthropod Collection
(CUCC)

National Museum of Natural History (NMNH)
MTEC

CUCC

Colorado State University Entomology
Collection (CSUC)
NMNH

California Academy of Sciences Insect
Collection (CASC)

Royal Ontario Museum (ROME)
CSuC

CASC
CSuC

~ NMNH

CASC, ROME

State/Province
where collected

MT
SC

OR, UT, WY
MT

SC

OH
AR

AR, NY, WY
AB, ON
CO

NC, VA, WV
VA

AR, ON




Table A.1. Continued.

Subfamily
Genus species

Hydropsychinae
Cheumatopsyche pettiti

Cheumatopsyche speciosa

Ceratopsyche alternans
Ceratopsyche cockerelli

Ceratopsyche morosa

Ceratopsyche oslari

Ceratopsyche slossonae

Ceratopsyche sparna
Hydropsyche betteni
Hydropsyche confusa
Hydropsyche elissoma
Hydropsyche hageni

Sample Size

F

21
4
20

15
20

20
19

20
20
20
20

20

20

20
20

17
18

20
21
20
20
18

Collection

CUCC
CASC, CSUC

CASC
ROME

CASC, MTEC

CSuUC
ROME

CASC, NMNH

Dr. Billie Kerans Personal Collection
CASC
University of Minnesota (UMSP)

CucCC
CUCC
MTEC
CUCC
CASC, CSUC, NMNH

State/Province
where collected

SC
MD, CO

MN, NY, VA AB,
ON

OR, ID, MT

CO, MN, OK
OK, ON

AZ,CO

PA
NC
MN

SC

GA, NC, SC

MT

SC

PA,KY, VAWV




Table A.1. Continued.

Subfamily
Genus species

Hydropsychinae
Hydropsyche occidentalis
Hydropsyche scalaris

Potamyia flava

Smicrideinae
Smicridea dispar

Smicrideinae
Smicridea dithyra

Smicridea fasciatella

Macronematinae
Leptonema albovirens

Macrostemum carolina

Macrostemum zebratum

Sample Size

F

20
5

18

12

20

20

14

20
31

21
20

20

20

20

20

10

20
40

Collection

CASC, MTEC

CsucC
NMNH

CASC, CSUC, ROME

NMNH

CASC
CuCC

CSucC

CASC
UMSP

CucCC

CASC, ROME
NMNH

[llinois Natural History Survey (INHS)

State/Province
where collected

CA, MT

SC, TX, VA
PA, WI

FL,NB, TX
MD, OK

CA

Mexico

CA, TX

Mexico,
Costa Rica

GA, SC

IN, MN, ON
MD, VA, WV
IL, WI
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