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The utility of behaviour in macroevolutionary studies: analyses of caddisfly (Trichoptera) case 

building behaviour. Doctor of Philosophy , 2000. Alison E. Stuart. Department of Zoology , 

University of Toronto. 

ABSTRACT 

Behavioural data have been largely ignored in macroevolutionary studies since the advent 

of modem phylogenetic systematics. The main purpose of this thesis is to contribute toward the 

revivai of behavioural data for macroevolutionary studies. 1 recognize four hinderances to the 

use of behavioural data. First, there is debate about what consti tu tes appropriate behavioural 

characters and behavioural units. Second, there remains concem about behavioural homology, 

lability and practicaiity. Third, poiential applications of behavioural data are not fully 

appreciated; and fourth. sharing and exchanging behavioural information is lirnited due to the 

lack of an adequate forum. 1 address each of these issues to various degrees. concentrating on the 

first and third. 

1 believe that the key to reviving behavioural data in systematics is selecting the most 

applicable behavioural units. Locornotory components of behaviour (i.e., how an animal 

behaves) are the most applicable for determining genealogical relationships and thus should be 

the primary source of behavioural data for macroevolutionary studies. In this thesis 1 detail 

caddisfly case building and use this infornation to undertake ihree different macroevolutionary 

endeavoun: phylogeny reconstruction, assessrnent of behavioural evolution, and examination of 

broader macroevolutionary issues. 

1 reconstruct four phylogenies within the Trichoptera using behavioural data: a 

subordinal-level analy sis, a family -1evel andy sis and two generic-level analyses. Thcse analyses 

indicate that a complex behaviour shared by a group of organisms is likely to yield information 

about genealogical relationships. regardless of the relationship among the taxa or whether 

behavioural end-products appear markedly different. Using the behavioural information and a 

well-resolved phylogeny of the basal trichopteran relationships, 1 discuss a hypothesis of the 

evolution of case building in caddisflies. 

ii 



Building behaviour is anaiogous to development is because it is a hieruchical process 

that produces an end-product. I used the details of case-building behaviour to address the issue 

of homoplasy and to test for congruence between behavioural and end-product information. 

The variety of questions addressed in this thesis, al1 using locomotory components of case 

building in caddisflies. indicates the potentiai for this type of data in macroevolutionary studies. 
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c 
Behavioural data have been largely ignored in macroevolutionary studies since the 

advent of modern phylogenetic systematics (Brooks and McLennan 1991). The main purpose of 

this thesis is to contribute towards the revival of behavioural data in macroevolutionary snidies. 

I believe the key to this revival is acknowledging that there are different components of 

behaviour that Vary in their efficiency in phylogeny reconstruction. Mayr (1976: p. 689) 

separates behaviour into two major components: (1) the ability to react selectively to specific 

objects, and (2) the specific actions of which the behaviour consists. He hypothesizes that the 

locomotory components of behaviour (i.e., the specific actions) tend to be more evolutionarily 

conservative than the perceptual patterns (i.e., the choice of an object or the reaction to a 

stimulus), which would tend to render locomotory components more suitable for 

macroevolutionary study. However. these components are rarely described in detail. 1 believe 

that descriptions of how animals behave (Le., locomotory components) is essential for 

integrating behavioural phenornena into macroevolutionary studies. In this thesis 1 detail the 

specific actions of case building in caddisflies and use this information to reconstruct 

phylogenies. to understand behavioural evolution, and to address broader macroevolutionary 

issues. 

I reconstruct four phylogenies within the Trichoptera using behavioural data: a 

subordinal level analysis, a family level analysis and two generic level analyses (one of the 

Leptocendae and the other of the Ptwyganeidae). Togeiher, these analyses indicate the utility of 

behavioural data to resolve phylogenies at various taxonomie levels. Additionally, each of these 

four analyses addresses a different phylogenetic and/or behavioural issue within the Trichoptera. 

The subordinal level analysis was perfonned because there is ongoing controversy 

conceming basal trichopteran relationships. The analyses of trichopteran relationships have 

relied primarily on morphological data and accordingly, in section 3.1.1, case .building 

information is used as an additional source of data in an attempt to resolve the cunent 

controversy. 
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Frania and Wiggins (1997) note that few uniquely derived morphological character States 

are found in caddisflies above the family level. The family level analysis (section 3.1.2) was 

performed to determine whether behavioural data support the monophyly of integnpdpian (tube- 

case building) farnilies and whether behaviour resolves relationships arnong these families. 

Leptocend case building was studied because l m a e  construct markediy different cases. 

Accordingly, leptocerids might appear to be the most challenging family in which to identify 

behavioural homologies. My analysis of case-building in leptocerids is an attempt to determine 

if then are predictable limits to using locomotory behaviour in macroevolution (Section 3.1.3). 

My analysis of phryganeid case building was motivated by a recent publication by 

Wiggins (1998) who used the character "larval case-making behaviour". Although this character 

was considered a behaviour, it actually represents case structure. Comparing a phylogeny 

reconstrucied using the details of case building behaviour to the "larval case-making behaviour" 

character will indicate whether infornation about behaviour cm be assumed from an analysis of 

end-product structure (Section 3.1.4). 

Behavioural information is also usebl for addressing questions of behavioural evolution, 

and there is a long-standing controveny concerning the evolution of case building behaviour in 

the Trichoptera. Three classes of lvvae are recognized: those that are free-living, those that 

build a portable case and those that build a fixed retreat. Each of the three have been postulated 

as the possible ancestor to the nst of the caddisflies and each scenario has been criticized by 

other researchers. Case building behaviour has rarely been detailed from a comparative 

standpoint, yet such data are ciearly invaluable for addressing the issue of the evolution of case 

building. Using behavioural information and a well resolved phylogeny of basal trichopteran 

relationships (Section 3.1. l), I discuss a hypothesis of the evolution of case building in 

caddisflies (Section 3.2). 

In addition to constructing phylogenies and interpretation of behavioural evolution, 1 

believe that locomotory components of behaviour are generally usehil for addressing broader 

macroevolutionary questions. Building is unique among bthaviourai phenornena because it is a 

hierarchical process that produces an end-product which in tum rnakes building behaviour 
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analogous to morphological development (Section 3.3). Details of construction behaviour could 

prove useful to macroevolutionary studies in a manner similar to that of ontogenetic information. 

The analogy between building behaviour and ontogeny motivated me to address the issue of 

homoplasy and to test for congruence between behavioural and end-product information (Section 

3.3.1.3). 

The difficulty of gathenng ontogenetic information has hindered its usefulness to either 

reduce homoplasy (by detennining correct a priori assumptions of homology) or understand 

how and why homoplasy occurs. Building behavioural information is relatively easy to gather, 

and therefore the analogy between building behaviour and development allows for the study of 

both aspects of homoplasy. The analogy can also be applied in reverse; knowledge about 

developrnental processes are valuable for understanding facets of building behnviour. In 

particular, it is commonly assumed in the literature (although rarely stated explicitly) that 

information from behavioural end-products is directly correlated with information about 

behaviour. In such papers. descriptions of behaviour only include detaiis of end-products; 

however, the link between end-products and the behaviours that produced them has not been 

investigated. Developrnental studies have shown that direct correlations cannot be made 

between developmental processes and the structures produced (Donoghue 1992; Guralnick and 

Lindberg 1999). By applying the analogy of building behaviour to development, one would not 

expect a direct link between end-product structure and building behaviour. 

The variety of questions addressed in this thesis, ail using locomotory components (i.e., 

how an organism behaves) of case building in caddisflies, indicates the potential for this type of 

information in macroevoiutionary studies. 1 am not suggesting that behavioural data are a 

panacea, but rather that locomotory components of behaviour are currently an untapped source 

of macroevolutionary data whose potential is underappreciated. Most groups of anirnals possess 

complex behaviours whose locomotory components could be described in detail. Information 

from such studies could not only help molve relatioaships in the group(s) under consideration 

(thereby shedding light on the evolution of a given khaviour) but could also be used to address 

more generai macroevolutionary issues such as homology and homoplasy. 



1.0 ETHOLOGICAL INFORMATION IN MACROEVOLUTlONARY STUDM 

1.1 INTRODUCTION 

Historically, the goal of ethology (the scientific study of behaviour) was to understand 

why animals behave the way they do (Tinbergen 1951; 1963). Tinbergen (1963) divided this 

general question into four categones: (a) causation - physiological explanations for behaviour, 

(b) ontogeny or development - the interaction between the genetic program for a behaviour with 

the animals environment andor experiences, (c) survival value or functional signifieance - how 

natural selection has shaped behaviour and (d) evolution - comparative studies of behavioural 

patterns in closely related species (Tinbergen 1963). Traditionally. the fint step in each of these 

ethological studies was the observation and thorough description of what animals do and when 

and how they do it (Neilson 1958). Then, depending on the question. additional behavioural 

experiments were perforrned. The information gained from these studies was generally used 

only to understand why animals behave the way they do. However. this same information cm 

also be used to address other questions. Macroevolution is one area where detailed behavioural 

information has much potentiai, although it is infrequently used (Wenzel 1992). 

1.2 APPLICATION OF BEHAVIOURAL DATA I N  MACROEVOLUTIONARY 

STUDIES 

At least four factors hinder the use of behaviour in macroevolution and these may explain 

the "ingrained cultural avoidance of behavior by many systematists" (Buchholz and Clemmons 

1997). First, there is debate about w hat constitutes appropriate behavioural characters and 

behavioural units. Second. there remains concem about behavioural homology, lability and 

practicality. Third. the potential application of behavioural data in macroevolution are not hilly 

appnciated and founh. sharing and exchanging behaviourai information is limited due to the 

lack of an adequate forum. 

1.2.1 Choice of behavioural characters and behavioural units 
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Lorenz (1935 in Tinbergen 1963) maintains that animals 'possess' behavioural 

characteristics just as they ' possess' certain structural and phy siological c haracteristics. 

Similady, Mayr (1976) States that "al available evidence indicates that in their genetic basis as 

well as in their phylogenetic history such behavioural] characters are completely equivaleat to 

morphological characters which have similar taxonornic disuibution". 

Many kinds of behaviour are susceptible to detailed analysis. However, it is important to 

recognize that the term 'behaviour' has b e n  used to describe a variety of phenornena at different 

levels. Every behaviour can be interpreted in at least three ways, course-scaie. perceptual and 

locomotory . 
Using predatory behaviour as an exarnple, from the course-scale level one might be 

interested in organisms of a given clade that are predatory. Assurning thac predatory behaviour 

is a homoplasious trait within the clade, the analysis might give an indication about the forces 

driving the evolution of predatory behaviour. Using coune-scaled terms in macroevolutionary 

studies may be problematical. however, because researchers are forced to think in terms of 

function rather than units of the mechanism (Tinbergen 1963). and the function of any particular 

behaviour may not have any relevance to phylogenetic history (Wenzel 1992). 

Mayr (1976: p. 689) recognizes two general components of behaviour: (1) the ability of 

an organism to react selectively to specific objects (perceptual components) and (2) the specific 

actions of which the behaviour consists (locomotory components). He hypothesizes that 

locomotory components of behaviour are more conservative in evolutionary t h e  than perceptual 

components because in the majority of cases, the specific actions are more stereotyped and less 

plastic than the choice of the object. For example. predatory wasp feeding behaviour consists of 

the prey object (cg., spider. caterpillar, sawfly larva) and the actions of grasping and stinging. 

The grasping and stinging movements are quite stereotyped, whereas the prey object being stung 

varies €rom species to species (Mayr 1976). The locomotory components are likely to be 

conserved through evolutionary t h e ,  and therefore have utility for undentanding genealogy. 

Locomotory components have since proven useful both in phylogeny reconstniction (Eberhard 

1982; McLennan et al. 1988; Arntzen and Sparreboom 1989; Prum 1990; McLennan 1993; 



6 

DiFiore and Rendall 1994; Paterson et al. 1995; Kennedy et al. 1996; SLikas 1998; Stuart and 

Hunter 1998) and in understanding the course of behavioural evolution (McLennan 199 1 ; Pmm 

1994; Slikas 1998). thus indicating their utility in macroevolutionary studies. 

The problem with using locomotory components of behaviour in macroevolution is that 

few detailed descriptions of behaviour are made for numerous related taxa. Although 

traditionally the fint step in an ethological study was initial observation and description. in the 

late 1950's and early 1960's, there was an apparent shift toward the analytical phase and a 

concomitant departure from descriptive studies (Tinbergen 1963). Nielsen (1958) stated that: 

"In 'modem' ethology nobody pays the slightest attention to anything but the 'why'. It is a very 

peculiar situation: we have a science dealing with the causal explanation of observations but the 

collection of basic observations is no longer considered a pan of the science". As such. specific 

experiments were being undertaken to address specific behavioural questions with very few 

general descriptive studies performed. This trend continues today; there are very few published 

comparative descriptions of behavioural actions. 1 propose that descriptive studies (with 

particular emphasis on locomotory components of behaviour), in combination with phylogenetic 

methodology, are essential for applying behavioural data to macroevolutionary studies. 

Complex behavioural repertoires (Le.. corne-scale behaviours with a number of smaller 

behavioural units) yield more macroevolutionary information because evolution can potentially 

act on each behavioural unit over time. The culmination of evolutionary events acting on 

individual behavioural units leads to a present-day behavioural repertoùe. Thus, the analysis of 

complex repenoires tells an 'evolutionary story' that one is able to decipher by searching for 

shared derived character States. Reproductive and building behaviours are typically preferred 

(e.g., Table 1)' but there is no a priori reason to assume that other complex behaviours (e.g., 

feeding) cannot be snidied in a similar fashion. 

Efforts have been made to define a 'behavioural unit' so that d l  ethologists may follow 

the sarne guidelines (Wenzel 1992). Proctor (1996) suggests that one reason for the limited use 

of behaviour in phylogenetic studies is the difficulty in delimiting characters. Her exarnple is 

that of one observer recogniring three distinct behaviours in fish, 'mouth gape' , ' bow' and 'tail 



Table 1 : A list of reconstructed behavioural phy logenies including authors, taxa, behaviours 

studied, number of characten in each analysis, and other data used for cornparison, where 

applicable. 

Reference Study Behaviour # of Data of 
Organism Characters Corn parison 

Eberhard ( 1982) Spiders Web-building 10 Adult 
morphology 

McLennan et al. (1988) Gasterosteid Reproductive 27 Biochemical, 
fishes morphological 

Arntzen and 
Spamboom (1989) 

McLennan (1993) 

DiFiore and Rendall 
( 1 994) 

Paterson et al. ( 1995) 

Kennedy et al. ( 1996) 

Slikas (1998) 

Stuart and Munter 
( 1998) 

Newts Courtship 

Neotropical Dis play 
manakins 

Gasterosteid Reproductive 
fishes 

Extant Social Life 
cercopithicoids traits 

Albatrosses, petrels Behaviour and 
and penguins life history 

Pelecani forms Social 
behaviour 

S torks Courtship 
display s 

Black fies Cocoon 
spinning 

Biochemical 

Morphological 

Biochemical, 
morphological 

Morp hological, 
molecular 

DNA-DNA 
hybridization 

Cytological, 
morphological 
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fan', whereas another considers them to be one action: 'fanning tail while bowing witb open 

beak'. In order to effectively recognize character states, it is necessary to study a group of 

closely related species. If after studying 20 species of fish, three species perforrned ail t h e  

behaviours in the sarne order and none performed any of the solitary behavioun, then in the 

example provided above. one should consider 'fanning tail while bowing with open beak' as one 

character state. However, if certain species performed only 'mouth gape', then an additional 

character state should be recognized. Thus, a behavioural unit is any behavioural trait shared by 

two or more taxa (shared derived behavioural character state = synapotypy) (Wenzel 1992). 

The successfùl documentation of a behavioural repertoire for use in phylogenetic analysis 

requires two steps. First, one must make a detailed account about how an organism behaves 

(locornotory information) dunng a complex behavioural repertoire. The goal of this step is to 

document the entire repenoire to provide an understanding of al1 of the movements and actions 

an individual makes when performing a particular behavioural repertoire (see Miller 1988 for 

detailed methodology). This does not imply that behaviour only involves movement. For 

example, a trap door spider waiting motionless to ambush pny is, in fact. behaving. Thus. a 

complete description of the feeding repertoire of a trap door spider should not only contain 

information about detailed movements during prey capture, but should also contain information 

such as the orientation and location of the spider within the uap. and the orientation of its limbs 

while the individual is waiting. 

The second step involves the study of other closely related species in a similar manner. 

Phylogeny reconstruction nquires the comparative analysis of similar behaviours to discover 

shared derived character states. Comparative analysis also aids in the description of the 

behavioural repertoire because behavioural units often occur simultaneously during a 

behavioural sequence. It is therefore nearly impossible to distinguish al1 evoiutionarily 

important aspects of behaviour by observing only one taxon. Observation of multiple taxa 

typically reveals aspects of behaviour that had previously gone unnoticed (see McLennan et al. 

1988, Prum 1990, Kennedy et al. 1996, Paterson et al. 1995 and Stuart and Hunter 1998 for 

examples of this methodology ) . 



1.2.2 Skepticism about the utility of behavioural data in macroevolutionary studies 
Although ethologists such as Lorenz (1941), Tinbergen (1% 1; 1963) and Mayr (1976) 

did not doubt the validity of using behaviour to address macroevolutionary questions, other 

researchers questioned the practice. Some claimed that behavioural characters are t w  labile and 

subject to convergence, and thus more difficult IO homologize than morphological characters 

(Atz 1970; Aronson 198 1 ; Carpenter 1987; and Baroni Urbani 1989). For example, Atz (1970) 

States that unless behaviour cm  be directly associated with structure the application of the idea 

of homology to behaviour is unsound. The skepticism about the value of behavioural data in 

macroevolutionary studies seems to stem from the perception of behavioural lability, the 

perceived problems of establishing homology, and the perceived difficulty in gathering 

be havioural data. 

Some authors believe that behavioural characters are more labile and subject to 

homoplasy than are morphological characters (e.g., Wcislo 1989; West-Eberhard 1989; 

Huntingford et al. 1994); whereas others assert that there is no reason to assume a priori that 

behaviour is any more subject to convergence than are other kinds of characters (e.g., Lauder 

1984; McLennan et al. 1988; Wenzel 1992; deQueiroz and Wimberger 1993; Wimberger and 

deQueiroz 1996). This dichotomy may be partially the result of the behavioural components 

studied. Although single studies do not tend to present data frorn al1 three levels (Le., coarse- 

scale, perceptual and locomotory), certain trends are noticeable. Studies airning to address 

adaptation level phenomena tend to use the presence or intensity of a course-scale behaviour 

(e.g. presence or absence of cannibalism; intensity of aggressive behaviour) or perceptual 

information; these studies tend to find plasticity in behaviour (e.g., Arnold 1981; 1992; 

Huntingford et al. 1994; Foster 1995; Foster et al. 1996; Riechert 1986). For example, Foster et 

ai. (1996) noted that isolated sticldeback populations divide inio limnetic and benthic sub- 

populations that have certain morphological and behavioural characteristics. Comparisons 

among populations suggested that adaptive change and homoplasy of behavioural phenotypes 

may be very common. The behavioural charactcristics used by Foster et al. (1996) are either 

presence of course-scale phenomena (e.g., presence or absence of sneaking and camibalism), or 
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the intensity of course-scale phenornena (e.g., amount of boldness, conspicuousness of 

courtship). Sirnilarly. Huntingford et al. (1994) studied adaptive variation in antipredatory 

behaviour in three-spined stickiebacks and showed that the intensity and nature of the 

antipredatory responses changed when predation regimes were varied. Thus using intensity and 

perceptual components of behaviour to determine trait adaptability. Conversely. studies aiming 

to address questions of genealogical history tend to use locomotory components of behaviour. 

and these studies tend to find that behaviour is no more labile than other types of data (e.g., 

Eberhard 1982; McLennan et al. 1988; Arntzen and Spaneboom 1989; Prum 1990; McLennan 

1993; DiFiore and Rendall 1994; Paterson et al. 1995; Kennedy et al. 1996; Slikas 1998; S h a n  

and Hunter 1998). For example. McLennan (1993) documented 5 1 characters relating to the 

locomotory components of courtship behaviour in sticklebacks and found that behavioural 

information actually provided a less ambiguous picture of relationships than did morphological 

data. In summary, the perceived lability of behaviour may be a consequence of the type of 

behaviour studied. Course-scale and perceptual components may be more prone to lability than 

locomotory cornponents of behaviour. 

The impression that behaviour is difficult or impossible to homologize is partially due to 

the perceived lability of behaviour but also due to the confusion over the term 'homology'. 

Homology has had numerous definitions since the term was originally described by Owen (1843 

in Panchen 1994) as "a part or organ in one animal which has the s m e  function as another part 

or organ of a different animal". Some definitions include similarity in function (e.g., Owen 1843 

in Panchen 1994). othen include similarity of development (e.g., Wagner 1989) but most include 

some mention of similarity of history or common ancestry (e.g., Van Valen 1982). Includinp 

history in the definition of homology poses a theoretical conundmm because character homology 

needs to be established prior to the construction of phylogenies. yet common ancestry 

determines the homology of traits. This was considered a circular argument; how could one 

determine ancestry without a phylogeny? Remane (1952 in Wenzel 1992) proposed three 

criteria (similarity of position. special quality, continuity through intermediate forms) that should 

be used to determine a priori whether characters are homologous. These criteria were 
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established for morphological data and their extrapolation to behavioural data is seen by some 

authors to be problematical (Au 1970). 

Wenzel (1992) and Slikas (1998) both maintain that Remane's criteria can be applied to 

behaviour. Similarity of position, following Tinbergen (1959). relates to the temporal position 

of a bchaviour in a ritualized sequence. Special quality relates to the complexity and stereotypy 

of a behaviour. Wenzel (1992) States that special quality is most relevant to behaviour: "if the 

complex movements of several species take the sarne distinct fom, in the same context and 

appear to be largely innate, they may be thought of as homologous". Continuity through 

intermediate f o m  relates to the association of species with highly ritualized forms of behaviour 

to those with simple behavioural sequences by species that exhibit intermediate degrees of 

behavioural ritualization. 

Lauder (1994) among others (e.g., Mayr 1976; Brooks and McLennan 1991; Wenzel 

1992; Greene 1994; Brooks et al. 1995) state that homology must be detennined a posteriori 

from the tesults of a phylogenetic analysis, which is typically considered the histoncal homology 

or evolutionary homology concept. Accordingly. Remane's critena are generdly used to make 

initiai hypotheses of homology and these are tested w ith phy logenetic hypotheses. Although the 

'homology debate' is not cornpletely resolved, by using a phylogenetic approach to assess 

homology, no class of data needs to be excluded a priori because homoplasy is determined a 

posteriori (Lauder 1994). Thus. homoplasy of behavioural features, like any other. is assessed a 

posteriori. To date, experimental evidence (Hallas 1988; Downing and Jeanne 1990) indicates 

that behavioural data can be used in phylogenetic analyses and behavioural phylogenies are 

highly congruent with phylogenies based on other types of data (McLennan et al. 1988; Prum 

1990; McLennan 1993; Paterson et al. 1995; Kennedy et al. 1996; Stuart and Hunter 1998). 

Funher, review papers show that behaviour is no more homoplasious than other types of data 

(Wenzel 1992; deQueiroz and Wimberger 1993; Wimberger and deQutiroz 1996). 

Skepticism about the use of behavioural data in macroevolutionary snidies stems, in part. 

from the perceived difficulty of capturing and reviewing and preserving behavioural 

information. Moreover, some authors have stated that behavioural studies are too tirne 
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consuming and are therefore impractical when other types of data are available (Baroni Urbani 

1989; Slikas 1998). Any phylogenetic study, regardless of type of character, requires intense 

study and detailed descriptions of characters and their States. Video equipment. which permits 

multiple viewings, computer programs which allows for quick and accurate assessrnent of 

behavioural information, and CD ROMs and the World Wide Web which allows for storage and 

retrieval of behavioural information, are making the methodologicai constraints of behavioural 

study less onerous. 

1.2.3 Potential uses of locomotory information in macroevolution 

Macroevolution is the evolution of pattems among species (Brooks and McLennan 

199 1). Studying details of how animals behave can reveal information about these patterns, and 

can shed light on the process of evolution. The three main applications of behavioural 

information in macroevolutionary studies are: (1) to reconstruct phylogenies. (2) to determine 

the course of behavioural evolution (3) to address broader macroevolutionary issues, (e.g., 

aspects of homology, homoplasy, diversity and constraints). The development of each of these 

applications is explored below . 

Behavioural Phylogenetics 

Researchers must show that behavioural data are reliable indicators of evolutionary 

history before achieving widespread acceptance for the utility of behavioural data in 

macroevolutionary studies. The reliability of behavioural data is typically assessed by 

constnicting phylogenies based solely on behavioural characters, and cornparhg the resulting 

tree(s) to phylogenies based on other data. Table 1 lists ten papers that use this approach and the 

variety of organisms and behaviours studied. Al1 studies in Table 1 delimit characters based on 

locomotory information; that is, dl studies focus on 'how' taxa perform their respective 

behaviours and al1 of these snidies find behavioural data to be highly congruent with other types 

of data (Eberhard 1982; McLennan et al. 1988; Amtzen and Sparreboom 1989; Prum 1990; 

McLennan 1993; DiFiore and Rendaii 1994; Paterson et al. 1995; Kennedy et al. 1996; Slikas 
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1998; Stuart and Hunter 1998). For example, Paterson et al. (1995) used 72 characten relating 

to behaviour and life history to construct a phylogeny for 18 seabird species (albatrosses, petrels 

and penguins). Their analysis produced three equally parsimonious trees (CI = 0.52, RI = 0.57) 

with "significant cladistic structure". The behavioural and life history hypotheses were more 

congruent with the electrophoretic and 125 rRNA sequence trees than would be expected by 

chance. The study concluded that behaviour and life history data are no more homoplasious than 

molecular data. Slikas (1998) was the only study to find behaviour less reliable than other data. 

However, only behaviours late in the sequence of reproductive and courtship behavioun had 

higher levels of homoplasy than DNA-DNA hybridization data; behaviours occumng early were 

congruent with phylogenetic nlationships and showed little homoplasy. The level of homoplasy 

between behavioural and morphological datasets was compared in a study by deQueiroz and 

Wimberger ( 1993). Their results showed that behavioural characters evolved as congruently as 

morp holog i d  c harac ters. Al1 these studies support the assertion that homology determination 

of behaviour is no different than homology determination in morphological structures 

(McLennan et al. 1988; Wenzel 1992). No references were found that refute the utility of 

behavioural characters in phylogenetic analysis even though the examples include a wide variety 

of taxa and cover an array of behavioural phenomena. 

Evolution Of Behaviour 

Many researchea are interested in understanding how various behavioural units evolve in 

closely related taxa. To track behavioural evolution, investigators must undentand relationships 

among the species being studied. Optimizing behavioun on an existing phylogeny, typicdly 

constructed with morphological or molecular data, sheds light on the course of behavioural 

evolution. This methodology has been employed in many groups including bees (Michener 

1964. 1974). wasps (Cqenter 1987, 1988). ants (Wilson 1971 and Holldobler and Wilson 

1 WO), caddisflies (Ross l964), plant lice (Taber 1994). water mites (Proctor 1 W2), stickieback 

fish (McLennan et al. 1988). centrachid fish (Lauder 1986), belontiide fish (Miller and Jearld 

1982). carducline birds (Mundinger 1979). manakin birds (Pnam 1994), storks (Slikas 1998). 
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toads and frogs (Cocroft and Ryan 1995) and rodents (Langtimm and Dewsbury 1991). 

Hypotheses about the evolution of behaviours are only as sound as the trees on which they are 

based. Ross (1964). Wilson (197 1). Holldobler and Wilson (1990). Miller and Jearld (1982) 

and Michener ( 1964; 1974) do not provide explicit information about how their phylogenies are 

denved. Accordingly. the veracity of their phylogenies is difficdt io assess and interpreiations 

of behavioural information on such trees must be viewed with caution. 

The first requirement for behavioural optimization is a robust and well-resolved 

phylogeny. To determine the evolution of a behavioural repertoire, a behaviour must be divided 

into smaller locomotory units in a number of closely related taxa. These uni& are then mapped 

onto a phylogeny. Four excellent examples of mapping behavioural units ont0 phylogenies are 

found in Langtimm and Dewsbury ( 199 1: rodents) McLennan ( 199 1 : stickleback fishes), Pmm 

( 1994: manakins) and Slikas ( 1998: storks). 

Addressing general macroevolutionary issues 

Broad concepts of macroevolution can be studied by using a phylogeny and detailed 

information about 'how' animals behave. Although mely used. locomotory information can aid 

our understanding of homology and homoplasy, which in tum can be used to address such issues 

as: convergent venus pûrallel evolution. evolutionary constraints, divenity and adaptation (see 

Sanderson and Hufford 1996 and section 3.3). Locomotory information can also help resolve 

whether homology or homoplasy at one behavioural level (corne-scale, locomotory or 

perceptud) is indicative of homology or homoplasy at another level. Eberhard (1987) performed 

such an analysis in uloborid and araneoid spiders. Memkrs of these families make orb webs 

and follow a similar pattern of behaviour during construction. However, other characten 

suggest that these two groups are not closely related. Orb web building behaviour must either be 

the result of convergence, or is an ancesval condition (Eberhard 1987). When studying a group 

of non-orb web builders (cribellate spiders), Eberhard recognized similar behavioural traits to 

those found in o h  builders. He hypothesized that orb web builden could be descended from a 

non-orb web building ancestor. If the behavioural patterns were present in this ancestor, then 
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theu pnsence in the uloborids and araneids would be plesiotypic, and thus the similarity of web 

construction would not indicate that the two groups were closely related. Considering the 

behavioural evidence it seems more likely that patterns of orb-weaving evolved early in the 

evolution of spiders and did not evolve twice independently (Eberhard 1987). 

Summary 

Locomotory information is an almost entirely untappcd source of rnacroevolurionary 

information. There is great potential for using infonnation about how animals behave to 

reconstruct phylogenies, to undentand the evolution of behaviour, and also to address broader 

macroewolutionary issues, such as homology and homoplasy. The last major stunbling block is 

the lack of a forum to share and distnbute behavioural information. Without such a forum, 

researchers must initiate new programs because they cannot retrieve behavioural information 

gathered earl ier. 

1.2.4 Constructing a forum to share information 

Miller (1988) acknowledged that a repository for behavioural infornation is required to 

further enhance the use of behaviour in the study of adaptation, phylogeny reconstruction and 

documentation of behavioural evolution. Until recendy, the construction of such a repository 

was difficult to achieve. With the advent of the CD ROM and the Worid Wide Web, there are 

growing opportunities to initiate and maintain a database of ethological information. 

When constnicting an ethological database. it is important to include al1 available 

information, regardless of whether character states are ancesual or derived, shared or unique. 

Pleisiotypic and auiapotypic character states mey be useful when additional taxa are added to the 

database and when studying different taxonomie levels. If a new taxon is studied and is found to 

share a character state that was hitherto autapotypic within the ingroup, then the character state 

might serve as a synapotypy for the two taxa. Similady, sympliesiotypies may become relevant 

if the level of snidy is broadened to included more distantly related taxa. The ethological 

database must also include a visual reprexniation of the described khaviours, because ethology 
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is a manife~tly visual science and it is often difficult to describe al1 behaviours cleatly with only 

text. 

Construction of an ethological database achieves three major goals. First, biologists can 

learn and appreciate the behaviour of anirnals in nature. This is not trivial; simply learning what 

individuals of a species do in order to survive and reproduce is informative and important, 

potentially leading to new inquires. As Tinbergen (1963) States, "contempt for simple 

observation is a lethal trait in any science". Second, researchers can address questions for which 

the behavioural information was originally gathered. Third, information is present that is 

retrievable for those interested in critiquing or using the behavioural characters in the future. 

1.2.5 Summary 

With declining skepticism, clearer definitions of behavioural components, and 

technological advances, the next century may see a burgeoning field of ethological research. 

The use of ethological information in macroevolutionary studies has been on the rise during the 

1990's. predorninantly to reconstruct phylogenies that were then compared to phylogenies 

reconstructed with other data. Dunng this same period, there were a number of studies mapping 

units of behaviour ont0 existing phylogenies to infer the course of behavioural evolution. 

Nonetheless, behavioural information in general. and locomotory information in particular. 

remain largely untapped sources of data whose potential in macroevolutionary studies rernains 

unrealized. Producing detailed comparative descriptions about how animals behave and placing 

this information in a database where researchers c m  critique and exchange information. will 

expand the use of behaviour in macroevolutionary studies. In this thesis 1 investigate the utility 

of locomotory behavioural data using the order Trichoptera as a case snidy. 

1.3 THE TRICHOPITRA 

One group of organisms in which behaviourai characters could be used to their hiilest 

potential is the insect order Tnchoptera. Trichopteran larvae are aquatic and build an incredibly 

diverse array of cases (or ntreats) that an recognized as a fundamental featun of the order. Ten 
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thousand species of caddisflies are distributed worldwide, occurring on al1 continents except 

Antarctica. Three suborders and 42 families are recognimd by most specialists, with al1 3 

subordea and 26 farnilies represented in the Nearctic Region (Wiggins 1996). Five groups of 

Trichoptera may be recognized based on the type of case (or retreat) produced (Table 2). The 

farnilies Rhyacophilidae and Hydrobiosidae have FREE-LIVING larvae that construct a fixed 

dome of stones just before pupation (Fig. la1). Larvae of FIXED-RETREAT builders 

(Annulipalpia) live almost exclusively in running waters. The retreats vary among the nine 

families in this group with sorne composed entirely of silk, whereas others are a combination of 

silk. minerais. andor organic matter (Fig. lb). Such 'fixed retreats' are flimsy structures that 

typically collapse when removed from the water. Silken capture nets, which serve in filter 

feeding, are added ont0 these fixed retreats. The retreats and the associated capture nets exhibit 

characteristic form in most farnilies, and even among certain genera. Like the free-living 

caddisflies, net-spinnen construct a simple dome of stones immediately pnor to pupation. The 

PURSE-CASE maken belong to the family Hydroptilidae, or 'micro-caddisflies'. The life cycle 

of hydroptilids is unusual; the first 4 larval instars are free-living. Only final-instar larvae 

construct a portable bivalved case of silk. often incorporating sand grains, diatoms. or algal 

filaments (Fig. lc). The case is sealed prior to pupation. The farnily Glossosomatidae, or 

SADDLE-CASE makers, construct a portable, flat-bottomed, dome of stones that resemble a 

tortoise shell (Fig. Id). Saddle-cases cannot be added to once constructed, and thus must be 

discarded as the lama progresses ihrough each instar. Pupation occurs within the sealed retreat 

of final instar larvae. Al1 other caddisfly families may be categorized as TUBE-CASE makers 

(Integnpalpia). This group constructs a vast array of portable ntreats constructed of various 

materials (Fig. le). As with saddle- and purse-case makers, the tube-case makers seal their 

retreats at pupation (Wiggins 1996). 

The feature that makes caddisflies an excellent mode1 for behaviourai study is this 

remarkable diversity of cases constructed by their aquatic larvae. Since the case is important for 

' Al1 Iine dmwings of caddisflies arc rcproduceâ, with permission, Fmm Wiggins (1996). 



Table 2: Subordinal and family designation of the five different case types. 

Suborder Families Larval case Pupal case 

Spicipalpia Rhy acop hilidae, Free-Living Dome shaped 
Hydrobiosidae (No larval case) case built for 

pupation oniy 

Spicipaipia Glossosomatidae Saddle-case 

Spicipalpia Hydroptilidae Purse-case 

Annulipalpia Al1 families 

Integripalpia Al1 families Tube-case 

Closed larval 
case 

Closed larval 
case 

Separate dome 
shaped case built 
for pupation 

Closed larval 
case 



Figure 1: The five case types found in caddisflies: (a) hpai  case of fne-living larvae (e.g., 

Rhyacophilidae: Rhyacophila) (modified from Hic ken 1967); (b) Fixed-re treat (e.g., 

Hydropsychidae: Hydropsy che) : (c) Purse-case (e  .g . , H y droptil idae: Hydroptila) ; (d) Saddle-case 

(e.g.. Glossosomatidae: Glossosoma) and; (e) Tube-case caddisflies (e.g., Limnephilidae: 

Dicusmoecus) . 
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larval survival (Johansson and Johansson 1992; Otto and Johansson 1995; Nislow and Molles 

1991). it is likely that there is little room for enor during the building process. The behaviour is 

performed by many taxa and thus is appropriate for a comparative study. Furthemore, most 

caddisfly larvae readily rebuild or repair their cases when removed from their original cases 

(e.g., Fankhauser and Reik 1935; Copeland and Crowell 1937: Hanna 1957; 1960; 1961; 

Bernhardt 1965; Denis 1968; Hansell 1968a; Memll and Wiggins 197 1; Williams and Penak 

1980; McAuiiffe 1982; Rowiands and Hansell 1987). Hwsell (1968a) and Prestidge (1977) 

showed that case repair behaviour is not distinguishable from normal case building behaviour. 

Accordingly, it is possible to record building ûehaviour for most caddisfly larvae. 

Caddisflies are also attractive to study because there remain a number of outstanding 

problems concerning their phylogeny and evolution. For exmple, basal relationships within the 

Trichoptera remain poorly resolved. To date morphology bas been the principle source of 

information used to unravel trichopteran relationships. The input of additional sources of data. 

including behavioural information, may be useful for deriving a more robust hypothesis of 

relationships. The evolution of case building is also hotly debated. and detailed behavioural 

information seems like an appropriate starting point to address this problem. Additionally. 

because case building behaviour produces a structure, one can study the details of behaviour that 

lead to the production of particular end-products. Cornparisons can then be made between the 

end-product and the behavioural repertoire that led to the construction of the end-product. 

1.4 THESIS OBJEC'MVES 

As discussed above. I recognize four possible reasons why behaviour is not widely used 

in macroevolutionary studies: ( 1) there is controversy about appropriate behavioural characters 

and units, (2) there is skepticism about the homology , lability and practicality of behaviourd 

characters, (3) the potential uses of behavioural data in rnacroevolution are not widely 

appreciated and (4) there is no forum for the sharing and exchange of behavioural information. 

In this thesis, 1 attempt to address each these issues, with an emphasis on the third issue. 

Although most concems about appropriate behavioural characters and units have alnady been 
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addressed, I propose that characters relating to how animals behave are an underused source of 

infonnation. 1 examine the way in which caddisfly larvae build their cases or retreats as a mode1 

to illustrate the power of using locomotory components of behaviour in macroevolutionary 

study. The second issue has also been addressed to a large extent in the literature and 1 will only 

briefly address the implications of this thesis to the issues of homology. lability and practicality 

in the general discussion. The third issue is the main focus of this thesis. 1 use locomotory 

information to (a) reconstruct four trichopteran phylogenies (one at the subordinal level, one at 

the family level and two at the generic level), (b) understand the evolution of case building in 

caddisflies and (c) address more general macroevolutionary issues. To address the fourth issue. 

the lack of a forum to share and exchange behaviourd infonnation, 1 constnict a behavioural 

daiabase on the World Wide Web. This is an ongoing project that can potentially be expanded 

to function as a cornunal location to share behavioural infonnation. 

In discussing the utility of behaviour in macroevolutionary studies. it is important to also 

recognize ihat this thesis provides important new insights into five issues in tnchopteran 

phylogeneiics. First, 1 use behavioural characters in an attempt to resolve the outstanding 

controversy over basal relationships within the Trichoptera which has been ongoing since 

Martynov (1924 in Mone 1997b) published the first phylogeny of the order and reached its peak 

during the early 1990's with a vigorous debate between Wiggins (199 1; 1992) and Weaver 

(1992a; L992b). The monophyly of the Annulipalpia (retreat builden) and Integripalpia (tube- 

case builders) is generally accepted (Mone 1997a). The resolution of the remaining four 

families (Rhyacophilidae, Hydrobiosidae, Glossosomatidae and Hydroptilidae) has been the 

source of the controversy. Second, wiihin the suborder Integripalpia. inter-familial relationships 

have been difficult to resolve with morphological data because few synapotypies are present 

above the family level (Frania and Wiggins 1997). An analysis of case building behaviour of 

selected integripalpians will determine if behavioural data support the monophyly of well 

estabiished families and whether inter-familial relationships can be elucidated. Third, Wiggins 

(1998) provided the fmt, and to date only, phylogenetic hypothesis of the Phryganeidae. Crucial 

to his analysis is a character t e m d  "larval case-making behaviour" which relates ody to case 



23 

structure. Documenting case building behaviour will determine if this character accuraiely 

depicts case building behaviour in the Phryganeidae. and whether or not morphology and 

behaviour produce similar hypotheses of relationships. Fourth, Mone (1981) provided a 

phylogeny of the Leptoceridae, a group that has the greatest variation in case structure of any 

family of Trichoptera. Case building is studied in leptocerids to determine if behavioural 

homologies can be identified despite marked variation in case structure. This information will 

also be used to determine whether behavioural and morphological characters produce similar 

phylogenies for the Leptoceridae. Finally, the evolution of case building in caddisflies has been 

debated since the fint fully enunciated theory was advanced by Ross (1964). Although details 

of case building have rarely been used to address this issue. such an analysis will provide 

vduable new insights about the origins of this fascinating behavioural phenornenon. 



2.0 MATERIALS!AMWETEODS 

2.1 COLLECTION 

Collections at the Royal Ontario Museum (ROM) were surveyed pnor to each field 

season to detennine potential collecting localities. In the summer of 1996, sites in and around 

the Wildlife Research Station in Algonquin Provincial Park. Ontario wen visited. The summer 

of 1997 w u  spent at the H.J. Andrews Research Station in Oregon, and collections were made at 

various sites within the research forests and surrounding areas. Two species were collected by 

collcagues and shipped on ice to the ROM: Yphria califomica from California (N. Erman) and 

Beothukus complicatus from Newfoundland (D. Larsen). In 1998, collections were made in 

Ontario, Michigan and British Columbia. Table 3 lists the taxa collected, locaiity information, 

and nurnber of larvae observed. The classification scheme of Wiggins (1996) is followed. 

Larvae were collected frorn ponds. streams and rivers following collection procedures 

described in Wiggins (1996) and placed in containers with substrate and water from the same 

sites. These containers were placed in an ice-filled coder for transport to the laboratory. Upon 

amval at the Iab, larvae were placed in an aquarium holding tank. 

2.2 USE OF EXEMPLARS 

It is generally not possible to identify caddisfly larvae to the species level. In this study, 

larvae are considered exernplars of a genus with the assumption that the exemplars represent the 

building behaviour of the genus. It was assumed that congeneric individuals belonged to the 

same species if they were collected from the same site. 

2.3 VIDE0 REXORDING PROCEDURE 

Two individuals of the same taxon wen initially selected for observation and ncording. 

Cases were removed by gently prodding each larva through the posterior opening of its case. 

Larvae w e n  placed in a rectangufar plastic container (8 x 4 x 3 cms) filled with constantly 

aerated water. The case was dismantled and pieces placed in the container. Additional pieces of 
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Table 3: List of taxa videotaped, including locality, number of individuals taped and collection 

dates. 

Taxa Locality Da te # Taped 

Spicipalpia 
lossosomatida 

Glossosorna 

Annulipalpia 

Cheumatopsyche 
Hydropsyche 
Macrostemum 

Integripalpia 
Brachvcentndae 
Arniocentrus 
Bruchycentrus 
Micrasema 

Hete roplectron 

Leptacerus 
Mystacides 
Nectopsyche 
Oece tis 
Setodes 
Triaenodes 
Ylodes 

2.5 mi. W. Blue River t 

Oxtongue R. + 
Sasajewan R., WRS 
Madawaska R,, WRS 

Metolius R. t 
Metolius R. t 
N. Umpqua R. f 

Site #1 HJA T 

Chetco R. t 

Bab Cr. + 
Metolius R. t 

Suttle Lk Outflow t 
Lk. Opinicon, Ont 
Westpon. Ont. 
Big Lk. 7 
Sprague R. t 
6 mi. SE Bonanza 
Opequac Falls, MI 
Peck Lk. + 
15 km. NW Clinton, B.C. 
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Table 3: Continued. 

Taxa Locality Date # Tapd 

Anabolia 
Asynnrchus 
Frenesia 
Glyphopsyche 
Hydatop hy lar 
Ironoquia 
Limnephilus 

Platycen tropus 
Pseudostenophylax 
Pycnopsyche 

Odontoceaae 
Nnmarn yia 

Psilotreta 

Beorhrrkrrs 
Ban ksiola 
Oligostomis 
Phryganes 
Ptilostomis 
Yphria 

Highland Hiking Tr. + 
Bab Cr.+; Sunday Lk. + 
Bab Cr. + 
Bab Cr.+; Peck Lk. + 
Hernlock Bluff + 
Bab Cr. + 
Various locations + 
Clearwater R. t 
Cloud Lk. + 
Chit Lk. Trail WRS 
N. Madawaska R. WRS 

15 km. S. Dorset, Ont. 

Watershed #10 HJA t 
Clearwater R. t 
Papineau Cr., Ont. 

Peck Lk. +; 10 Km. 
W. Barry's Bay, Ont. 
20 km S. St. John's, NFLD 
Trac k & Tower+; H60049 1 + 
N. Madawaska R WRS 
Spmce Bog + 
WRS; Spruce Bog + 
Sagehen Basin, CA 

site 2 & 3 HJA t 

t Oregon 
+ Algonquin Park, Ontario 
WRS = Wildlife Research Station, Algonquin Park 
HJA = H.I. Andrews Research Station, Blue River, Oregon (Anderson et al. 1982) 
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material from the collection site were also added to the container to thinly cover the bottom of 

the container. 

If larvae were not building after 12 hours, changes to this set-up were made (e.g., 

changed water temperature, water flow, amouat and type of substrate, light). Individuals ihat 

were unable to rebuild their entire case were placed in the container with only a portion of the 

anterior margin of the case removed. Individuals of certain species could only build in running 

water. and thus were placed in a circular Plexiglas container (15 cm diameter) placed on an 

electromagnetic stirrer. The stirrer was placed in a smaller circular insen (4 cm diameter) and 

did not interfere with the lama's movements (as described by Craig 1977). Al1 individuals were 

given up to 4 days to build. If after 4 days no alterations to the design set-up could be found that 

stimulated building, it was assumed an individual was unable to rebuild or repair its case and the 

observations were tehnated. 

Videotaping commenced when a larva began attaching pieces together. The video 

system consisted of a Panasonic Omnimovie@ video camera with Sigma0 VT-5 macro lens 

mounted on a tnpod. This was connected to a television and VHS video recorder for recording 

and observation. Standard VHS videotapes were used on extended play to allow up to 6 houn of 

recording. A LOO Watt fluorescent light bulb was rnounted close to the observation container to 

give sufficient lighi for videotaping. The anterior end of a larva was taped by following an 

individual with the camera and occasionally rotating the observation container. It was important 

to tape from an anterior view to observe al1 behaviours associated with piece addition. Certain 

caddisfly larvae are known to rapidly build a 'temporary case' once they have been evicted 

(Fankhaüser and Reik 1935; Copeland and Crowell 1937; Hanna 1957: 1960; 1961; Bernhardt 

1965; Denis 1968; Hanse11 1968a; Memll and Wiggins 1971). In such larvae the 'permanent 

case' is built on the anterior end of this temporary case. Individuals were videotaped from the 

initiation of temporary case building to at l e s t  the point at which the permanent case completely 

covered the larval abdomen. Repair behaviour was recorded from the initiation of piece addition 

to the point where the repaind case was approximately the same length as the initial case. 
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2.4 CATALOGING 

After recording. each larva was removed from the observation container and placed in a 

vial with Kahle's fixative. Each vial received a label with catalogue number, locality 

information. collection date and date of taping. Videotapes were labeled with the appropriate 

catalogue number to facilitate retrieval. Each lama was transferred to a vial containing 80% 

ethanol after 4-7 days in Kahle's fixative, and identified to genus using Wiggins (1996). 

2.5 ANALYSIS 

Videotapes of each individual were observed using a standard VHS video recorder and 

television. Videotapes were both watched sequentially and according to taxon, with notes taken 

on the behaviours observed. Cases built (or portions repaired) by al1 individu& were structurally 

similar to their original cases. It is therefore assumed that rebuilding and repair behaviour are 

fundamentdl y the same as the original building behaviour (Hansell 1968a; Prestidge 1977). 

For phylogenetic analyses, character States were coded and entered into MacClade 3.0 

(Maddison and Maddison 1992). Resulting matrices were then imported to PAUP 3.1 (Swofford 

1993). The branch and bound algorithm was used to find most parsimonious trees. Al1 

characters were run unordered with equal weighting. Most parsimonious trees were imported 

into MacClade for analysis of character evolution. More detailed accounts of phylogenetic 

methodology are given for individual analyses. 

2.6 CONSTRUCTION OF DATABASE FOR BEHAVIOURAL PHFNOMENA 

A web site was constructed on the World Wide Web to house both textual and video 

behavioural information. The text portion of the site was constructed using Netscape 

Communicator Version 4.5 (Netscape Communicator Corporation 1998) and BBEdit Lite 

Venion 3.5.1 (Ban Bones Software 1996). Video clips were digitized by connecting a VCR to 

a Macintosh OS 8.5@ with video ports. Video clips were selected, edited and fomatted using 

Adobe Prerniere Venion 5.1 (Adobe Systems 1998). These clips were then uploaded onto the 

World Wide Web site using Fetch 3.0.3 (Matthews 1W7). The site. Ethobase. is housed on the 
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Zoology w e b  s i t e  a t  the Univers i ty  of Toronto ,  URL: 

http:/lwww.zoo.toronto.edu:80/zoowebl~tu.lethobase/. References to 'Ethobase' in the text 

refer to this site. 

Refennces to URLs in the text (e.g., URL: ypMip.mov). refer to video images on the 

site; the prefix is http://www .zoo.toronto.edu:80/zooweb/astu~.lethob~e/images. 

2.7 TERMS 

Although the following tems may have somewhat different definitions elsewhere, the 

interpretations adopted for my thesis are given below. Other ternis are defined in the text. 

Behavioud phy logenetics: Phy logeny reconstruction using only behavioural characters. 

Behavioural repertoire: Any couse-scale term representing the product of many behavioural 

units (e.g.. aggnssive behaviour) 

Behavioural unit: A component of a behaviourai repertoire that is shared by two or more taxa. 

Building behaviour: The detailed movements of how an organism builds an end-product. 

Coarse-scale behaviour: A general term that describes a number of smaller behavioural units 

(e.g., nest building behaviour). 

End-product: The structure chat results from building behaviour. 

Locomotory behaviour: Detailed behavioural information relating to 'how' an organism rnoves 

(or remains stationary) during any given behaviour (e.g.. how a bird build its nest). 

Perceptual behaviour: The ability of an animal to react selectively to specific objects, (Le.. the 

choice of an object or the reaction to a stimulus). 

Spin (spinning): The extruding of a fine viscous thread of silk. 

Stage: A period in a behavioural process. 

-typy: Used as a general sufix instead of the more specific "-rnotphy" to indicate any character 

under study (e.g., synapotypy instead of sy napomorphy ). 



3.0 APPLYINCI T m m O G l C A L  DA- 

The ethological database of caddisfly case building information (Appendix A; Ethobase) 

contains a vast amount of information that can be accessed to address different 

macroevolutionary questions. In this section. information is gathered from the database to: (1) 

reconstmct of four phylogenies, (2) undentand the evolution of case building in caddisflies and 

(3) address more general macroevolutionary issues. 

3.1 PHYLOGENY RECONSTRUCTION 

Four phylogenies are reconstmcted in this section. one subordinal. one familial and two 

generic. The database (Appendix A: Ethobase) was scanned for behavioural similarides and 

differences to yield characters and character States applicable to each analysis. The overall goal 

of this section is to determine whether caddisfly case building characten are equally applicable 

for al1 taxonornic levels. Each phylogenetic analysis also addresses an issue in caddisfly 

systematics. 

3.1.1 Trichoptera Phylogeny 

Current hypotheses about basai relationships within the Trichoptera are rather varied (see 

Morse 1997b for a review). The order has traditionally been divided into three suborders: the 

Spicipalpia. Annulipalpia and Integripalpia. Although the monophyly of the Annulipalpia and 

the Integripalpia is generally accepred (see Morse 1997b) that of the Spicipalpia 

(Rhyacophilidae. Hydrobiosidae. Glossosomatidae and Hydroptilidae) is controvenial. Some 

specialists consider the four spicipalpian farnilies to be monophyletic and place them either in an 

unresolved trichotomy with the Annulipaipia and the Integripalpia (Fig. 2a) (Wiggins and 

Wichard 1989; Holzenthal and Blahnik 1997) or as the sister-group of the Annulipalpia (Fig. 2b) 

(Milne and Milne 1939; Schmid 1980; Weaver 1984). Other specialists consider the Spicipalpia 

to be paraphyletic with ail four genera more closely related to the Integripalpia ((Annulipalpia) + 

((Rhyacophilidae Hydrobiosidae) (Glossosomatidae (Hydroptilidae + htegripdpia)))) (Fig. 2c) 



Figure 2. Hypotheses of relationships among spicipalpian families (Rhyacophilidae, 

Hydrobiosidae, Glossosomatidae. Hydroptilidae) in relation to the Annulipalpia and 

Integripalpia: (a) spicipalpian families monophyletic and unresolved (Wiggins and Wichard 

1989; Holzenthal and Blahnik 1997); (b) spicipalpian families monophyletic and resolved as the 

sister-group of the Annulipalpia (Milne and Milne 1939; Schmid 1980; Weaver 1984); (c) 

spicipalpian families paraphyletic and al1 more closely related to the Integripalpia (Ross 1964); 

(d) spicipalpian families paraphyletic with some families more closely related to the 

Annulipalpia and others to the Integripalpia (Ivanov 1997; Frania and Wiggins 1997). 
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(Ross 1964), or separated. with some families more closely related to annulipalpians and others 

to integripalpians ((Rhyacophilidae (Hydrobiosidae + Annulipalpia)) + (Glossosomatidae 

(Hydroptilidae + Integripalpia))) (Fig. 2d) (Ivanov 1997; Frania and Wiggins 1997). Al1 of these 

interpretations are based predominantly on morphological information. Although 'behavioural' 

characters were ostensibly included in the analyses of Frania and Wiggins (1997) and Ivanov 

(1997), such characters were merely descriptions of case morphology and not case building 

be haviour. 

Recent accounts by Frania and Wiggins ( 1997), Ivanov ( 1997), Wichard et al. ( 1997) and 

Holzenthai and Blahnik (1997) highlight the controversy surrounding basal trichopteran 

relationships. In the phylogenetic analyses in Frania and Wiggins (1997) the four spicipalpian 

families are not monophyletic; the Hydroptilidae are resolved as the sister-group of the 

Integripalpia with the Glossosomatidae resolved as the sister-group of the (Hydroptilidae + 
Integripalpia) (Fig. 3a). However, in their compatibility analyses (using the same dataset) the 

Glossosomatidae are resolved as the sister-group of ((Rhyacophilidae + Hydrobiosidae) + 

Annulipalpia) (Fig. 3b). Frania and Wiggins (1997) conclude that no unequivocal 

morphological evidence supports either the monophy ly of the S picipalpia, or the closer 

relationship of al1 the spicipalpian families to Annulipalpia than to Integnpalpia. 

With morphology failing to yield a robust hypothesis of relationships. Frania and 

Wiggins (1997) examined larval construction behaviour in the hope of gaining funher insights 

into the higher classification of Trichoptera. The three characters examined wen: "behaviour 

during larval growth", "cocoon construction", and "construction of a pupal shelter" (Frania and 

Wiggins 1997: fig 29). 

Behaviour during larval growth 

Frania and Wiggins (1997) state that only the four spicipalpian families exhibit pupal 

retreat building behaviour. The rhyacophilids and hydrobiosids, which they consider the most 

plesiotypic caddisflies. build pupal shelters at the end of their last larvai instar. They propose 

that the onset of pupal retreat building behaviour was advanced to the beginning of the last larval 

instar in hydroptilids, and to the beginning of the Bat larval instar in glossosomatids. The 



Figure 3. Analyses of trichopteran relationships from Frania and Wiggins (1997): (a) panimony 

analysis (Frania and Wiggins 1997: figure 24); (b) compatibility anaiysis (Frania and Wiggins 

1997: figs. 26 and 27) each modified to indicate the placement of the four spicipalpian families 

(Rhyacophilidae, Hydrobiosidae, Glossosomatidae, Hydroptilidae) relative to the annulipaipians 

and the integripalpians. 
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underlying behaviour is hypothesized to be the construction of a dome in al1 four spicipalpian 

families. rather than a tube shaped case (Frania and Wiggins 1997). The construction of a silken 

tube by first instar larvae, which may be reinforced with other material. is considered a 

synapotypy of the Annulipalpia (fixed tube) + Integripalpia (portable tube). Since no primitive 

lepidopteran lama constnicts a tube in their first instar. and al1 spicipalpians build some fonn of 

a dome, Frania and Wiggins ( 1997) argue that the first instar tube building must be a synapotypy 

of the (Annulipalpia + Integripalpia). Of these two proups, the construction of a fixed tube 

(Annulipalpia) is considered plesiotypic because annulipaipian larvae build a dome-shaped pupal 

shelter similar in appearance to the spicipalpian cases (Frania and Wiggins 1997). 

Cocoon construction 

Al1 members of Spicipalpia constnict a closed parchment-like cocoons. 

Construction of a pupal shelter 

Thne spicipalpian families; rhyacophilids, hydrobiosids and glossosomatids dong with 

almost al1 annulipalpians constnict a dome shaped pupal shelter h m  rock fragments. which 

Frania and Wiggins (1997) consider a synapotypy for these taxa. Hydroptilids and 

integripalpians pupate in closed larval retreats but this behaviour is not considered homologous. 

The four spicipalpian families express the plesiotypic character states for each of these 

three characters and rhus these characters provide no resolution of relationships among the 

spicipalpian families (Frania and Wiggins 1997: fig. 29). Frania and Wiggins (1997) find no 

phylogenetic evidence supporting the monophyly of the Spicipalpia. However, they conclude 

that the best option for the classification of these four families is to recognize a "separate and co- 

ordinate suborder, the Spicipalpia. while recognizing that this does not necessarily reflect the 

phylogenetic affinities of these families". 

Ivanov (1997) hypothesizes that the Spicipalpia sensu Weaver and Morse (1986) is 

paraphyletic and questions the four spicipalpian synapotypies proposed by Weaver (1984); viz.. 

( 1 )  sharpened last segment of adult palpi, (2) second segment of aduit maxillary palp ovoid and 

about as long as the Tint, (3) evenible female vaginal apparatus and (4) larval speciaiization in 

fnedorn of movement as a gazer or predator. Ivanov (1997) asserts that the fiat three states are 
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symplesiotypic and that the fourth is unclear. Although no explicit phylogeny is produced, 

Ivanov (1997) proposes that rhyacophilids and hydrobiosids are more closely related to the 

Amuiipaipia based on four characters. and that glossosomatids and hydroptilids are more closely 

related to the Integripalpia based on eight characten. 

Wichard et al. (1997) did not construct a phylogeny but state that the suborder 

Spicipaipia should be retained based on the semi-permeable pupal cocoon of the 

Amphiesmenoptera (Lepidoptera + Trichoptera). Based on their interpreiation of trichopteran 

phylogeny. the semi-permeable cocoon is actually a symplesiotypic character state. They state 

that "if the Spicipalpia show no synapotypic characten supporting their monophyly, but have 

only those characters belonging to the groundplan of Trichoptera. then the Spicipalpia are 

(nearly) identical to the primordial Trichoptera". Wichard et al. (1997) state that the 

Annulipalpia are distinct from the Integripalpia and both are different from the Spicipalpia. 

therefore, the al! three suborders should be retained. 

Holzenthal and Blahnik ( 1997) left the basal trichopteran relationships unresolved for the 

Trichoptera phylogeny on the 'Tree of Life" site on the World Wide Web (Maddison and 

Maddison 1998) to depict the present controversy (R. Blahnik, pers. comm. 1998). 

Summnrv 
Although Frania and Wiggins (1997). Wiggins and Wichard (1989) and Wichard et al. 

(1997) failed to identify synapotypies for the Spicipalpia. they propose that the constituent 

families (Rhyacophilidae, Hydrobiosidae, Giossosomatidae and Hydroptilidae) be recognized as 

a separate suborder. Ivanov (1997) maintains the group cannot be upheld in a cladistic system. 

Frania and Wiggins (1997) and Ivanov (1997) use information of larval and pupal case 

structure differently in their analyses. Frania and Wiggins (1997) use the shape of the case. 

whether a dome or a tube. as their character states. Ivanov (1997), on the other hand, uses 

mobility of the case, whether fixed or portable, as his character states. Due to the controversy 

sunounding relationships of basal trichopteran taxa. and because previous authon have used 

case morphology as a source of characters. a detailed analysis of case building behaviour seems 
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like a promising source for additional characters. By understanding how caddisfly larvae build 

their complex cases it may be possible to further understand basal trichopteran relationships. 

In this section 1 ( 1) reanalyze the dataset of Frania and Wiggins ( 1997). (2) describe four 

behavioural characten from my andysis of case building in 39 genera of caddisflies. and (3) add 

these behavioural characten to the existing morphological data of Frania and Wiggins (1997). 

3.1.1.2 Macerials and Methods 

Information about methods of collection, video taping. cataloguing and analysis are 

found in sections 2.1,2.2,2.3 and 2.4 respectively. 

Reanaiysis of Frania and Wiggins (1997) 

The morphological analysis of Frania and Wiggins (1997) is the latest and most 

comprehensive phy logene tic analysis of the Trichoptera. Ivanov ( 1997) discussed 8 c haracters 

in support of the monophyly of glossosomatids + hyàroptilids + integnpalpians, and 4 characten 

in support of the monophyly of rhyacophilids + hydrobiosids + annulipalpians. However, it is 

not possible to infer from Ivanov's account how many taxa in each group possess a given 

character. or whether other characters that do not suppon his groupings are excluded. 1 therefore 

incorporate my behavioural characters into the more explicit data set of Frania and Wiggins 

( 1997), which consisted of 70 characters. 

The data set of Frania and Wiggins (1997) was executed in PAUP 3.1.1 (Swofford 1993). 

Al1 characters and character States were coded as descnbed in the original analysis (Table 4: 

Frania and Wiggins 1997: table 1). Nonetheless, 1 was unable to reproduce their m e  (Frania and 

Wiggins 1997: fig. 24). Accordingly, al1 characten wen run unordered to find the shortest tree 

for their data set. Frania and Wiggins ( 1997) used a hypothetical ancestor to polarize characten. 

However, they acknowledged that the ancestral condition was doubtful for eight characten 

(Table 4; characten 1 1, 12,24-27.38.54). and that the altemate codings produced different tree 

topologies. In fact, a hypothetical ancestor is not needed in numencal cladistic analysis because 

the algorithm finds a minimum-length Wagner network ngardless of a priori assumptions about 



Table 4: Dataset of Frania and Wiggins ( 1997). 

--- 
Characters 

Family*: Genus 1 2 3 4 5 6 7 8 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3  
O 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5  

Rhy: Rhycophila 0 0 1 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0  
H y b:Atopsyche 0 0 1 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0  
Glo:Agoperus 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0  
Glo: Glossosoma 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0  
G Io: Proroptih 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0 0 0 0 0 1 0  
Hyt: Palaeagopptu l 2 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 I 2 1 0 0 0 0 0 0 0 0 0 1 1 1  
Hyt:Agrqleu 1 0 0 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 1 2 1 0 0 0 0 0 0 0 0 0 1 1 0  
Phi: Dolophilodes 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 3 0  
Phi: Chimm 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 I 0 1 0 0 0 0 3 0  
Phi:Srenopsyche 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 I 0 0 0 0 3 0  
Hyd&ctopsyche 0 0 1 0 1 0 0 0 0 0 1 3 0 0 0 1 0 0 0 2 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0  
Hyd:Diplectro~ 0 0 1 0 1 0 0 0 0 0 1 2 0 0 0 1 0 0 0 2 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0  
Hyd:Hydropsyche 0 0  10 1 0 0 0 0 0  1 1  0 0 0  1 0 0 0 2 0  1 0 0  1 1  1 0 0 0 0 0 0 0 0  
Hyd:Mocrosrernurn 0  1 1  0  1 0 0 0 0 0  1 1  0 0 0  1 0 0 0 2 0  1 O 0  I l  1 0 0 0 0 0 0 0 0  
Ecn: Ecnontus 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 2 O l 0 1 1 1 1 0 ~ 0 0 0 0 0 0  
Psy: Psychomyia 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 1 1 1 0 0 0 0 0 0 0 0  
Psy : Padrutiella 0 0 1 1 1 1 l 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 1 1 1 0 0 0 0 0 0 0 0  
XipSiphocentron O O l l O l l l O O O O O O O O O l O O O O O l l l l O O O O O O O O  
Po1:Nycriophy la 0 0 I 1 l 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 I 1 1 0 2 0 0 0 0 0 0  
Dip:Phylocenrropics 0 0  I I  1 1  1 1  0 0 0 0 0 0 0 0 0  1 0 0 0 0 0  1 1  1 1  0 2 0 0 0 0 0 0  
Phr: Yphrin 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 ~ 0 1 0 0 0 0 1 0 0 0 0 0 1 2  
Phr: Phfyg~ea 0 0 0 2 2 0 0 0 0 0 0 4 0 0 0 1 0 0 1 1 1 0 1 0 0 0 0 1 0 0 0 0 0 1 2  
Phg:Phwganopsyche O 1 0 2 2 0 0 0 0 0 0 4 0 0 0  1 0 0  1 2  10 1 0 0 0 0  1 3 0 0 0 0  1 1  
Ple: Plectrorarsus 0 2 0 2 2 0 0 0 0 0 0 4 0 0 0 1 0 0 1 I 1 0 1 0 0 0 0 1 3 0 0 0 0 1 2  
Bra: Bract ycentrus 0 2 0 2 2 0 0 0 0 0 0 4 0 0 0 1 0 0 1 2 l 1 1 1 0 0 0 1 0 0 0 0 0 1 0  
Lim: Dicosnioectrs 0 2 0 2 3 0 0 0 0 0 0 4 0 0 2 2 0 0 1 2 1 1 1 0 0 0 0 1 0 0 0 0 0 I 2  
Lim:Pseiidostenopliyla 0 2 0 2 3 0 0 0 0 0 0 0 0 0  1 2 0 0  12 1 1  1 0 0 0 0  1 0 0 0 0 0  1 2  
Lim: Linir irphilus 0 2 0 2 3 0 0 0 0 0 0 0 0 0 2 2 0 0 1 2 1 1 1 0 0 0 0 1 3 0 0 0 0 1 2  
Lim:Apar~in 0 ~ 0 ~ ~ 0 0 0 0 0 0 ~ 0 0 1 ~ 0 0 1 ~ ~ ~ ~ 0 0 ~ 0 ~ ~ ~ ~ ~ ~ ~ ~  
Uen: Neophylux 0 2 0 2 3 0 0 0 0 0 0 4 0 0 2 1 0 0 1 2 1  1 1 0 0 0 0 l 0 0 0 0 0 1 2  
Goe: iepania 0 2 0 2 3 0 0 0 0 0 0 4 0 0 1 3 0 0 1 2 1 1 1 0 0 0 0 1 3 0 0 0 0 1 2  
Goe: C m  0 2 0 2 3 0 0 0 0 0 0 4 0 0 2 3 0 0 1 2 1 1 1 1 0 0 0 1 0 0 0 0 0 1 2  
Uen: Neothremmu 0 2 0 2 3 0 0 0 0 0 0 0 0 0 0 1 0 0 1 2 L 1 1 0 0 0 0 ~ 2  
Led: Lepidosiorna 0 2 0 2 2 0 0 0 0 0 0 4 0 0 2 1 0 0 1 2 1 1 1 0 0 0 0 1 0 0 0 0 0 1 1  
Lic:Limtiocentropus 0  1 0  2 3 0  0  0  0  0  0  4  0  0  0  1 0  0 0  2  1 1 1 0  0  0  0 0  0  0  0  0 0  1 1 
Ta: Trichovespula 0 2 0 2 3 0 0 0 0 0 0 0 0 0 2 1 0 0 1 2 l t 1 0 0 0 0 0 3 0 0 0 0 1 S  
Ko k: Kokiria 0 0 0 2 2 0 0 0 1 1 0 4 1 0 0 1 0 0 0 1 1 I 1 0 0 0 0 0 4 0 0 0 0 1 2  
Bec Bemuu 0 0 0 2 2 0 0 0 0 0 0 4 1 0 1 1 1 0 0 2 1 0 1 0 0 0 0 1 0 0 1 0 0 2 2  
Ser: Guniaga 0 1 0 2 2 0 0 0 0 0 0 4 1 0 0 1 1 0 0 2 1 1 1 0 0 0 0 1 0 0 2 2  
Cac Caenoro 0 2 0 2 2 0 0 0 0 0 0 4 1 0 2 1 1 0 0 2 1 0 1 1 0 0 0 1 0 0 1 0 0 2 2  
Hec:Alioecel& 0 1 0 2 2 0 0 0 0 0 0 4 1 0 2 1 1 0 0 2 1 1 0 0 0 0 0 1 0 0 1 0 0 1 2  
Mol: Molmm 0 1 0 2 2 0 0 0 1 1 0 4 1 0 1 1 0 0 0 2 1 0 1 0 0 0 0 0 4 0 0 0 0 1 2  
ûâo: Psilofrem 0 1 0 2 2 0 0 0 0 0 0 0 0 0 2 1 0 0 0 2 1 l 1 0 0 0 0 1 0 1 0 1 0 I 2  
ûâo: Pseudogoera 0 2 0 2 2 0 0 0 0 0 0 0 0 0 2 1 0 0 0 2 1 1 1 0 0 0 0 1 0 I 0 1 0 1 2  
Odo: A rriplecrieds 0 0 0 2 3 0 0 0 0 0 0 0 0 0 0 ? 0 0 0 2 1 1 1 0 0 0 0 0 0 0 4 0 0 0 0 1 2  

a Phh: Austrheithrus 0 1 0 2 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 1 1 1 0 0 0 0 1 0 0 0 0 0 1 2  
Hel: Helicopsyche 0 2 0 2 2 0 0 0 0 0 0 0 1 0 2 1 1 0 0 2 I 2 1 1 0 0 0 1 0 0 1 0 0 2 2  
~Cal:Heteropkecmn 0 2 0 2 2 0 0 0 0 0 0 0 0 0 2 1 0 0 0 2 t 0 1 0 0 0 0 1 3 0 1 0 0 1 2  
Lep: Mysrucides 0 0 0 2 2 0 0 0 0 0 0 1 1 0 0 L 0 0 0 2 1 0 0 0 0 0 0 1 3 0 1 0 0 1 2  
.Ano:Anomalopsvche 0 2 0 2 3 0 0 0 0 0 0  t 1 0 2  1 1 0 0 2 1  1 1 0 0 0 0 1 0 0 1 0 0 2 1  



Table 4: Continued. 

Rhy: Rhyacophila 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 2 0 0 1 0 0 0 0 0 0 0 0 l 0 0 0 0 0  
H y b:Aropsyche 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 4 0 2 0  
Glo: Agapetus 0 0 0 1 0 0 0 0 1 1 0 0 0 0 1 0 0 2 1 0 1 0 0 0 0 0 0 0 0 2 0 0 0 2 1  
Glo: Glossosoma 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 2 1 0 1 0 0 0 0 0 0 0 0 2 0 0 0 1 1  
Glo: Protoptih 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 2 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 ?  
Hyt:P&eafiapetu 0 0 0 0 0 0 0 0 0 1  0 0 0 1 0 0 0 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2  1 
H y t:Agraylea 0 1 3 0 0 0 0 0 1 1 0 0 0 1 0 0 0 2 1 0 1 2 0 1 1 0 0 0 0 0 0 0 0 1 0  
Phi:Dolophilodes 0 0 2 0 0 0 0 0 0 0 1 0 0 0 1 0 2 2 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0  
Phi: Chimam 0 0 2 0 0 0 0 0 1 0 1 0 0 0 1 0 1 2 1 i 0 0 0 0 0 0 0 0 0 2 0 2 0 2 0  
Phi:Stenopsyche 0 0 1 0 0 0 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 2 0 3 0 2 1  
H y d Arctopsyche 0 0 1 0 0 0 0 0 1 0 1 0 1 ? 1 0 0 2 1 1 0 0 0 0 1 0 0 0 0 2 0 4 1 2 0  
Hyd:Diplec~om 0 0 1 0 0 0 0 0 1 0 1 0 1 ? 1 0 0 2 1 1 0 0 0 0 1 0 0 0 0 0 0 4 1 2 0  
Hyd:Hydropsyche 0 0  1 0 0 0 0 0  10 10 1 ? 1 0 0 2  1 1  0 0 0 0  1 0 0 0 0 2 0 4  1 2 0  
Hyd:hîucrostemum 10 1 0 0 0 0 0  1 I l 0 1  ? O 0 0 2  1 1 0 0 0 0  1 2 0 0 0 2 0 4  1 2 0  
Ecn: Ecnornus 0 0 2 0 0 0 0 0 1 0 1 0 1 ? 0 0 0 2 1 1 0 0 0 1 1 0 0 0 0 2 0 4 1 2 0  
Psy : Psychornyia 0 0 1 0 0 0 0 0 1 0 1 0 1 ? 1 0 0 2 1 1 0 0 1 1 1 0 0 0 0 2 0 3 0 2 1  
Psy: Padiutiella 0 0 1 0 0 0 0 5 1 0 0 0 1 ? 0 0 0 2 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1  
Xip;Yiphocentron 0 0 1 0 0 0 0 0 1 0 1 0 1 ? 0 0 0 2 1 1 1 0 1 i 1 0 0 0 0 0 0 4 0 2 1  
Pol:Nyctiophyla 1 0 2 0 0 0 0 0 1 1 1 0 1 ? 1 0 0 2 1 I 0 0 0 1 1 0 0 0 0 2 0 4 1 2 1  
Dip:Phylocentropus 2  0  2  0  0 0  0  0  1 1 1 O 1 '?O 10 2 1 10 0  0  1 1 0  0  0  0  2 0 4  1 2  1 
Phr: Yphria 2 0 4 0 l 1 1 0 1 0 0 1 0 0 0 1 0 0 1 0 1 1 0 0 1 0 1 0 0 0 1 4 0 2 0  
P hr: Phrypea 2 0 4 0 1 1 1 1 1 0 0 1 0 0 0 1 0 0 1 0 I 1 0 0 1 0 0 0 0 0 I 4 0 2 1  
Phg:Phryganopsyche 2 0 4 0  12 1 1  L O O  1 0 0 0  1 0 2 0 0  1 1  0 0 0 0  1 0 0 0  1 4 0 0  1 
Ple: Plectrotarsus 2 0 0 0 4 0 1 1 1 2 1 0 0 1 0 0 0 1 0 0 0 0 1 2 0 0 1 ? ? 0 0 0 1 4 0 2 0  
Bn:Brachycenrrus 2 0 4 0 1 2 L 2 1 0 0 1 I ? O I O O 1 0 1 1 0 0 0 0 1 0 1 0 1 4 0 2 1  
Lirn: Dicosmoecus 2 1 4 0 1 2 1 2 1 0 0 1 0 0 0 1 0 0 1 0 I 2 0 0 0 0 1 0 2 0 1 4 0 0 0  
Lim:Pscirdostenophyla 2 1 4 0 1 2  12 1 0 0  1 0 0 0  1 0 0 1 0  1 2 0 0 0 0  10 1 0 1 4 0 0  1 
Lim: Limriephilus 2 1 4 0 1 2 1 2 1 0 0 1 0 0 0 1 0 0 1 0 1 2 0 0 0 0 1 0 1 0 1 4 0 0 1  
Lim:Apatmia 2 1 4 0 1 2 1 2 1 0 0 1 0 0 0 1 0 0 1 0 1 2 0 0 0 0 0 0 1 0 1 0 1 4 0 0 0  
Uen: Neophylar 2 1 4 0 1 2 1 2 1 0 0 1 0 0 0 1 0 0 1 0 1 2 0 0 0 0 0 0 1 0 1 0 1 4 0 2 1  
Goe: Lapania 2 1 4 0 1 2 1 2 1 0 0 1 0 0 0 1 0 1 1 0 1 2 0 0 0 0 1 0 2 0 1 4 0 0 0  
Goc: Goem 2 1 4 0 1 2 1 2 1 0 0 1 1 ? 0 1 0 0 1 0 1 2 0 0 0 0 1 0 0 0 1 4 0 2 0  
Uen: Neorhrernma 2 1 4 0 1 2 1 3 1 0 0 1 0 0 0 1 0 0 1 0 1 2 0 0 0 0 1 0 1 0 1 4 0 2 1  
id Lepidostornu 2 0 4 0 1 2 0 2 1 0 0 1 1 ? 0 1 0 0 1 0 1 2 0 0 0 0 1 0 0 0 1 4 0 0 0  
Lic:Limnocentropus 2 0 4 0  1 0 0 0  1 0 0  1 0 0 0 0 0  100 1 1  0 0  10 1 0 0 0  1 4 0 2  1 
Tas: Trichovespula 2 0 4 0 1 1 1 1 1 0 0 1 1 ? 0 1 0 2 1 0 1 1 0 0 0 0 0 0 0 0 1 j 0 2 0  
Kok: Kokiria 2 0 4 0 1 2 1 2 1 0 0 1 1 ? 0 1 0 2 1 0 1 2 0 0 0 0 1 0 0 0 I 4 0 2 1  
Ber Beruea 3 0 4 0 0 0 0 0 I 0 0 1 1 ? 0 0 0 2 1 0 1 0 0 0 0 0 1 0 1 0 1 4 0 2 0  
S ~ K  Gunuzga 3 0 4 0 0 1 0 0 1 0 0 1 1 ? 0 1 0 2 0 0 1 2 0 0 0 0 1 0 1 0 1 4 0 2 0  
Cac:Ca~nora 2 0 4 0 0 0 0 0 1 0 0 1 1 ? 0 0 0 2 1 0 1 2 0 0 0 0 0 0 1 0 1 4 0 2 1  
Hec:Alloecella 2 0 4 0 0 2 0 0 1 0 0 1 1 ? 0 0 0 2 0 0 1 ? 0 0 0 0 1 0 1 0 1 4 0 2 1  
Mol: Mo14M4 2 0 4 0 0 2 1 0 1 0 0 1 1 ? 0 0 0 2 0 0 1 1 0 0 0 1 1 1 0 0 1 4 0 2 1  
ûdo: P sifatrem 2 0 4 0 0 1 0 0 1 0 0 1 1 ? 0 1 0 2 0 0 1 2 0 0 0 0 1 0 0 0 1 4 0 2 0  
ûdo: Pseudog~ra 2 0 4 0 0 0 0 0 1 0 0 1 1 ? 0 0 0 2 0 0 1 1 0 0 0 0 0 0 0 0 1 4 0 0 1  
0do:Arrïplecheds 2 0 4 0 0 1 1 0 1 0 0 1 1 ? 0 1 0 2 0 0 1 1 0 0 0 2 I 1 0 0 1 4 0 2 0  
Phh:Awrrhci;hrur 2 0 4 0 0 0 0 0 1 0 0 1 1 ? 0 1 0 2 1 0 1 ? 0 0 0 1 1 0 0 0 1 4 0 2 1  
Hel: Helicopsyche 3 0 4 0 0 0 1 2 1 0 0 1 1 ? 0 1 0 2 1 0 1 2 0 0 0 1 1 0 2 0 1 4 0 2 1  
Cril:HeteropIectron 2 0 4 0 0 2 1  0 1 0 0 1  1 ? 0 1 0 2 1 0 0 0 0 0 0 2  1 0 0 0 1 4 0 2  1 
Lep: Mysrucides 2 0 4 0 0 1 0 0 1 0 0 1 1 ? 0 1 0 2 1 0 1 2 0 0 0 2 1 0 2 0 I 4 0 2 1  
Ano:Anomrrlopsvchc 2 0 4 0 0 1 0  1 1 0 0 1 0 0 0 1 0 2 1 0 1  1 0 0 0 0  1 0 2 0 1 4 0 2  1 
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Abbreviations: Ano = Anomalopsychidae; Ber = Beraeidae; Bra = Brachycentridae; Cac = 

Calocidae; C d  = Cdamoceratidae; Dip = Dipseudopsidae; Ecn = Ecnomidae; Glo = 

Glossosomatidae; Goe = Goeridae; Hec = Helicophidae; Hel = Helicopsychidae; Hyb = 

Hydrobiosidae; Hyd = Hydropsychidae; Hyt = Hydroptilidae; Kok = Kokiriidae; Led = 

Lepidostornatidae; Lep = Leptocendae; Lic = Limnocentropodidae; Lim = Limnephilidae; 

Mol = Mola~idae ;  Odo = Odontocendae; Phg = Phryganopsychidae; PM = Philorheithridae; 

Phi = Philopotamidae; Phr = Phryganeidae; Ple = Plectrotarsidae; Pol = Polycentropodidae; 

Psy = Psychomyiidae; Rhy = Rhyacophilidae; Ser = Sericostomatidae; Tas = Tasimiidae; Uen 

= Uenoidae; Xip = Xiphocenuonidae. 
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character state polarity. An outgroup taxon may then be designated to root the tree thereby 

polarizing character states post hoc. Because rhyacophilids are generally considered to be the 

most pleisiotypic lineage within the Trichoptera 1 used this family as the outgroup taxon. To 

argue for the monophyly of the Spicipalpia it must rninimally be possible to choose an outgroup 

that produces the monophyly of the group. 

Combined morphological and behavioural analysis 

Not al1 the taxa studied by Frania and Wiggins (1997) were studied behaviourally. 

Therefore. taxa not included in the behavioural study were deleted from the morphological data 

set resulting in a modified dataset of 19 taxa (Table 5). This was done so al1 taxa had both 

morphological and behavioural data. Al1 taxa removed from the analysis were members of the 

Annulipalpia or Integripalpia. The removal of these taxa had no bearing on the topology of the 

basal lineages of the phy logeny . Uninformative c haracters were then removcd leaving 52 

morpho log ical charac ters and four behavioural c harac ten. 

Phylogenetic analyses 

Character states were coded and entered into MacClade 3.0 (Maddison and Maddison 

1992). Resulting matrices were then imported to PAUP 3.1 (Swofford 1993). The branch and 

bound function was used to find most parsimonious uees. Al1 characten were run unordered 

with equal weighting. Most parsimonious trees were nconstnicted in MacClade for analysis of 

c haracter evolution. 



Table 5: Pruned dataset from Frania and Wiggins (1997) including only the families studied 

behaviourally. The character numben correspond to those of Frania and Wiggins (1997). 

Rhyacophilidae 0 1  0 4 0  1 0 0 0 0 0 0 0 0 0  1 1  1 0 0 0 1 0 0 0  1  
Hydrobiosithe 0 1  0 4 0 1 0 0 0 0 0 0 0 0 0  1 1  1 0 0 0 1  0 0 0  1 
Glossosornatidae 1 1  0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0  
Hydroptilidae 2 0 0 2 0  1 0 0 0 0 2 1  2 1 0 0 0 0 0 0 0 1  1 0 0 0  
Hydropsychidae: Hydropsyche O 1 O 1  1  1 0  0  1 0  2  0  1 0  0  1 1 1  0  0  0  0 0  0  0  1  

# Hydropsychidae: Macmstem 1 1 0  1 1 1 0  0  1 0  2 0  1 0  0 1 1 1  0  0  0  0  0 1 0  1  
, Phryganeidae: Yphria 0 0 2 2 0 0 0 0 1  1 1  1 0 1 0 0 0 0 1 0 0 1 2 2 0 4  
Phryganeidae: Phryganes 0 0 2 2 0 4 0 0 1 1  1 1 0 1 0 0 0 0 1 0 0 1 2 2 0 4  

l Brachycentridae 2 0 2 2 0 4 0 0 1 1 2 1  1  t 1 0 0 0 1 0 0 1 0 2 0 4  
Limnephilidae: Limnephilus 2 0  2  3  0  0  0  2 2 1 2 1 1 1 0  0  0  0  1  3 0  1  2  2 1 4 
Limnephilidae: Aputania 2 0 2 3 0 4 0 1  1 1 2 1  1 1 0 0 0 0 1 0 0 1 2 2 1 4  
Uenoidae 2 0 2 3 0 4 0 2 1  1 2 1  1 1 0 0 0 0 1 0 0 1 2 2 1 4  
Goeridae 2 0 2 3 0 4 0 2 3 1 2 1  1 1 1 0 0 0 1 0 0 1 2 2 l 4  
Lepidostornatidzie 2 0 S 2 0 4 0 2 1 1 2 1 1 1 0 0 0 0 1 0 0 1 1 2 0 4  
Molannidae 1 0 2 2 0 4 1  1 1 0 2 1 0 1 0 0 0 0 0 4 0 1  2 2 0 4  
Odontocerictae 1 0 t 2 0 0 0 2 1 0 2 1 1 1 0 0 0 0 1 0 0 1 2 2 0 4  
Helicopsychidae 2 0 2 2 0 0 1 2 1 0 2 1 2 1 1 0 0 0 1 0 1 2 2 3 0 4  
Calamoceratidae 2 0 2 2 0 0 0 2  1 0 2 1 0 1 0 0 0 0 1  3 1  1 2 2 0 4  
Leptoceridae 0 0 2 2 0 1 1 0 1 0 2 1 0 0 0 0 0 0 1 3 1 1 2 2 0 4  



Table 5: Continued. 

Charac ters 
4 4 4 4 4 4 4 4 4 5 5  5 5 5  5 5 6 6 6 6 6 6 6 6 6 7  
O 1  2 3 4 5 6 7 8 0 1 3 4 5 6 7 0 1 2 4 5 6 7 8 9 0  

Rhy acophilidae O 0 0 0 0  1 0 0 0 1 0 2 0 0  1 0 0 0 0 0  1 0 0 0 0 0  
H y drobiosidae O O O O l  0 0 0 0 1 0  1 0 0  1 0 0 0 0 0 0 0 4 0 2 0  
Glossosomatidae 0 0 0 0 0  1 0 0 0 1 0 2 1 0  1 0 0 0 0 0 2 0 0 0 1 1  
Hydroptilidae 0 0 0 0 0  1 0 0 0 0 0 2 1 0  1 0 0 0 0 0 0 0 0 0 2  1 
Hydropsychidaeflydropsyhe 0  0 0  0  1 0  1 0 1 1 0  2  1 1 0  0  1 0  0  0  2  0  4  1 2 0 
HydropsychidaeMacrostemirm 0  0  0 0  1 1 1 0  1 0  0  2  1 1 0  0  1 2  0  0  2 0  4  1 2 0  
P hry ganeidae : Yphria 1 1  1 0 1 0 0 1 0 0 1 0 1 0 1 1 1 0 1 0 0 1 4 0 2 0  
Phry ganeidae:Phrygunea 1 1  1 1 1 0 0 1 0 0 1 0 1 0 1 1 1 0 0 0 0 1 4 0 2 1  
B rac ycentridae 1 2 1 2 1 0 0 1  1 0 1 0 1 0 1 1 0 0 1 1 0 1 4 0 2 1  
Limniphi IidaeLimnephilus 1 2 1 2 1 0 0 1 0 0 1 0 1 0 1 2 0 0 1 1 0 1 4 0 0 1  
Lirnniphilidae Apatanin 1 2 1 2 1 0 0 1 0 0 1 0 1 0 1 2 0 0 1 2 0 1 4 0 0 0  
Uenoidae 1 2 1 2 1 0 0 1 0 0 1 0 1 0 1 2 0 0 1 1 0 1 4 0 2 1  
Goeridae 12 1 2 1 0 0 1  1 0 1 0 1 0 1 2 0 0 1 0 0 1 4 0 2 0  
Lcpidostomatidae 1 2 0 2 1 0 0 1  1 0 1 0 1 0 1 2 0 0 1 0 0 1 4 0 0 0  
Molmnidae 0 2  1 0 1 0 0 1  1 0 0 2 0 0 1  1 0 1 1 0 0 1 4 0 2 1  
Odontoceridae 01 0 0 1  0 0 1  101 2 0 0  1 2 0 0 1 0 0 1 4 0 2 0  
Helicops ychidae O 0  1 2 1 0 0 1  1 0 1 2 1 0 1 2 0 1 1 2 0 L 4 0 2 1  
Cdarnoceratidae 0 2  1 0 1 0 0 1  101 2 1 0 0 0 0 2 1 0 0 1 4 0 2 1  
Leptoceridae 0 1 0 0 1 0 0 1  1 0 1 2 1 0 1 2 0 2 1 2 0 1 4 0 2 1  
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Behavi9-cter aalv& 

Four behavioural characters (Table 6) were discovered that have potential for providing 

information about relationships among the three suborden. Funher information about characters 

and character States i s  provided in Appendix A. 

1 .  Initiation of case construction: (0) building materials attached directly to the substratum; (1) 

building materials assembled in the form of a loose belt of small pieces around abdomen. 

To initiate case building, rhyacophilid and annulipalpian larvae must first locate stable 

substrata on Stream bottom, typically a large rock (O). Immediately prior to pupation. 

rhyacophilid larvae construct an enclosure of small Stones (either dome-shaped on a rock 

surface, or in the form of a ring between two rocks). Annulipalpian larvae build a retreat during 

their larval life that is either fixed to, or buried in the substrate. Pupol cases are typically dome- 

shaped and attached CO rock surfaces. 

Glossosomatid and integripalpian larvae al1 initiate case building by attaching a loose 

belt of small pieces around their abdomen (1). 

Two Nearctic hydroptilid genera build silk cases that are attached to the substrate. These 

genera (Leucorrichia and Ziimatrichin) are relatively derived hydroptilids (Wiggins 1996). The 

plesiotypic genus Palocagapetus and al1 other Nearctic genera build portable cases. it is not 

known whether these larvae build a belt around their abdomen because the dirtiiils of case 

building has not been studied in this farnily (?). 

2. Direction of building from initiation to completion of case: (0) non-linear; (1) linear. 

A case is constructed in a linear fashion when the lama attaches pieces (or silk) in a 

single (antenor) direction from the initial abdominal belt (character 1 ; Appendix A). Thus. as 

more pieces are added, the belt is displaced funher posteriorly (also described by Pnstidge, 

1977). Because pieces are added only to one end of the belt. the case is constructed linearly 

€rom the initial belt (ihe future posterior end) to case completion (the future anterior end). 
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Glossosomatid, hydroptilid (McAulifie 1982) and integripalpian larvae build their cases linearly 

( 1) (e.g., URL: glossbuil l mov, glossbuil2.mov, glossbuii3.mov). 

Rhyacophilid and hydropsychid larvae initiate the construction of their pupal domes by 

constructing a ring of pieces attached to a larger piece of substratum. The pupal domes are not 

constructed by Larvae initiating building at one end of the future case and building in one 

direction until case completion. Rhyacophilid and hydropsychid pupal dome construction is 

therefore non-linear (0). Hydropsychid larvae also construct fixed larval retreats non-linearly 

(URL: hydrobuil.mov). 

3. Temporary case building: (0) absent; (1) present. 

Temporary case construction is typically the first step in the building process (Appendix 

A) with the temporary case ultirnately becoming the posterior end of the case (Prestidge 1977). 

Pieces are typically attached quickly until the lama is entirely covend by the temporary case. At 

the beginning of permanent case building the building process proceeds more slowly. After the 

addition of 3-50 pieces (depending on species). the case begins to assume characteristic foxm. 

The temporary case is loosely attached to the posterior end of the permanent case and either 

simply falls off or is cut away by the larva. 

Hydropsychids do not build a temporary case when building their larval retreats and it is 

unlikely that rhyacophilids build and then remove portions of their pupal retreat (O). 

Glossosomatids, hydroptilids (McAuliffe 1982) and integripalpians construct temporary cases 

(1) (URL: triaeush.mov). 

4. Silk placement: (0) over entire piece; (1) across the space between adjacent pieces. 

Two different methods of silk attachent were observed. Hydropsychid larvae silk 

pieces into place by initiating a strand of silk on a piece neighbouring the new piece. The suand 

is pulled across the e n t h  width of the new piece withoui stopping and terminated on another 

neighbouring piece (O). Giossosomatids and al1 integripaipians place s m d s  of silk across the 

space between a new piece and the adjacent piece (1). This is repeated xveral times on al1 sides 
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of the new piece that are neighboured (URL: fabsilk2.mov). Information on this character is not 

available for rhyacophilids or hydroptiiids (?). 



Table 6: Behavioural characten scored in taxa stuâied by Frania and Wiggins (1997). 

' Family: Genus 1 2 3 4  
1 

/ Rhyacophilidae O O O ?  
1 Hydrobiosidae O O O ?  
i Glossosomatidae 1 1 1 1  
! Hydroptilidae 1 1 1 1  
' Hydropsychidae:Hydropsyche O O O O 
:Hydropsychidae:Macrostemwn O O O O 
Phryganeidae: Yphriu 1 1 1 1  

' i Phryganeidae: Phrygmea 1 1 1 1  
1 Bracycentridae 1 1 1 1  
\ I Limniphilidae: Lhnephilus 1 1 1 1  
1 Limnip hiiidae Aputaniu 1 1 1 1  
: Uenoidae 1 1 1 1  
; Goeridae 1 1 1 1  
Lepidostomatidae 1 1 1 1  
Molannidae 1 1 1 1  
Odon toceridae 1 1 1 1  
Helicopsyc hidae 1 1 1 1  

: Cdamoceratidae 1 1 1 1  
Leptoceridae 1 1 1 1  



3.1.1.4 Resub 

Re-analysis of Frania and Wiggins (1997) 

The initial inclusion of the hypothetical ancestor of Frania and Wiggins (1997) produced 

thousands of trees and confounded the analysis because of the missing and unknown ancestral 

conditions for 8 characten. My re-analysis of Frania and Wiggins (1997) data set (Table 4). 

excluding the hypothetical ancestor, produced 280 equaiiy parsimonious trees. with length 300 

steps. CI 0.36 and RI 0.77. Al1 trees support the same relationships among the four spicipalpian 

families which are the same as the relationships produced using the pruned dataset (Fig. 4). 

There was no rooting scheme for any of the 280 equally parsimonious trees in which the 

Spicipalpia could be resoived as monophyletic. In every arrangement. the hulipalpians form a 

monophyletic proup and the glossosomatids + hydroptilids + integripalpians form a separate 

monophy letic group. The trees di ffered only with respect to relationships within the 

Annulipalpia and htegripaipia. 

Two trees resulted from my analysis of the 19 taxa and 56 characters in the pruned data 

set (Table 5 )  with length 136 steps, CI 0.56 and RI 0.74. Figure 4 is one of the two equally 

parsimonious trees. The trees differed only in their placement of two limniphilid genera 

(Limnephilus and Apurania). either as sister-groups to each other or with Limnephilus resolved 

as the sister-group of the Uenoidae. 

Addition of behavioural data 

Using the pruned data set, two trees were produced that were identical in topology with 

those derived from morphological dataset alone; length 140 steps. CI 0.57 and RI 0.75 (Fig. 5). 

The relationships among basai taxa are identical to those found in al1 the original and pnined 

rnorphological trees. Namely, the Glossosomatidae are resolved as the sister-group of 

Hydroptilidae + Integnpalpia, whercas the Hydrobiosidae are resolved as the sister-group of the 

Annulipalpia. Four denved behavioural character States occur in the common ancestor of the 

(Glossosomatidae (H y droptilidae + Integnpalpia)) . 



Figure 4. One of two most equally parsimonious trees from the pruned dataset of Frania and 

Wiggins (1997). Uninformative characters were deleted and only families for which behavioural 

data were available were included (Table 5). Spicipalpian taxa are denoted with a +. 
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Figure 5. One of two most equally parsimonious trees derived from the pruned dataset of 

informative characters from Frania and Wiggins (1997) (Table 6) and the four additional 

behavioural characters (Table 6). The four behavioural characters are optimized on the tree. 

Spicipalpian taxa are denoted with a t. 
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3.1.1 +5 Discussion 

Trichoptera phylogeny 

The original phylogenetic analysis of Frania and Wiggins (1997). the analysis the 

pmned dataset of the Frania and Wiggins (1997) dataset. and the pmned dataset combined with 

the four behavioural characters suggest identical basal trichopteran relationships. The 

Annulipaipia and Integripalpia are both monophyletic (Morse 1997b; Frania and Wiggins 1997). 

However, no synapotypic character states were identified that support the monophyly of the 

Spicipalpia (Rhyacophilidae, Hydrobiosidae. Glossosomatidae and Hydroptilidae). Six 

unreversed character states (2 morphological and 4 behavioural) suppon the moiiophyly of 

(Glossosomatidae (Hydroptilidae + Integripalpia)), and three morphological character states 

support the monophy 1 y of (Hydroptilidae + Integripalpia). 

Behavioural analysis 

The complexity of building portable cases provides evidence that the Glossosomatidae, 

Hydroptilidae and Integripalpia f o m  a monophyletic group. If my analysis of cube-case making 

(Integripalpia), saddle-case making (Glossosomatidae), and pursetase making (Hydroptilidae) 

revealed fundamental differences, as supposed by Weaver and Morse (1986). then this would 

constitute evidence that portable cases had evolved independently. However. portable cases are 

built in a markedly sirnilar fashion. The key behavioural innovation appears to be that Iarvae no 

longer need to be attached to the substrate in order to construct the case. as required by 

rhyacophilids. hydrobiosids and annulipalpians ( 1 (O)). Furthemore, portable case-makers al1 

initiate case building by consuucting an initial belt of pieces around their abdomen in a nearly 

identical rnanner. It seems likely that this complex repertoire evolved only once in the cornmon 

ancestor of glossosomatids, hydroptilids and integripalpians. In fact. Hennig's Auxiliary 

principle requires the assumption of homology in the absence of information to the contrary. 

Hanse11 (1968a.b.c.d) similarly failed to identiQ hindarnental differences in the case building 

behaviours of glossosomatids (Agapetas f h p e s )  and goerids (Silo pallipes). In addition to the 

construction of an abdominal k i t .  glossosomatids. hydroptilids and integripalpians also build a 
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temporary case (3 ( 1)), build in a single (anterior) direction (2(1)), and place silk over the space 

between a new and neighbouring piece (4(1)). Together, these character states constitute 

compelling evidence for the common ancesvy of al1 portablecase makers. 

Frania and Wiggins (1997) used the construction of tube-shaped cases to support the 

monophyly of the Annulipalpia + Integripalpia. The behavioural evidence indicates that the 

fixed-retreats built by annulipalpian larvae are not homologous to portable cases because they 

are constructed in a different fashion. Whether pupal case building behaviour of either 

rhyacophilids or annulipalpians is homologous to portable case building behaviour is unknown 

because there is a lack of information about the details of pupal case building. 

Recognition of a monophyletic Spicipalpia requires that each of these complex 

behaviours evolved independently at least twice. Accordingly. the continued recognition of this 

suborder seems ill-founded based on the evidence presented in my snidy. 

$. 1.1.6 Conclusions 

Based on available evidence, the Spicipalpia (Rhyacophilidae , Hydrobiosidae 

Glossosomatidae and Hydroptilidae) do not comprise a monophyletic group. There are no 

derived character states supporting the monophyly of the four spicipalpian families; the only 

shared character states are symplesiotypic. Rather, morphological and behavioural evidence 

support the monophyly of the Glossosomatidae + Hydroptilidae + Integnpalpia which calls into 

question the continued recognition of the Spicipalpia sensu Weaver and Morse (1986). 



3.1.2 Phylogeny of the suborder Integripalpia 

3.1.2.1 Tntroductio~ 

The integripalpia, or tube-case builders, are a diverse group of caddisflies consisting of 30 

families worldwide. The monophyly of the suborder is well established and widely accepted 

(Morse 1997b; Frania and Wiggins 1997). Because annulipalpian and integripalpian larvae 

constmct tube-shaped cases, Frania and Wiggins (1997) use this character state to support the 

monophyly of the Annulipalpia + Integnpalpia. However. morphological (Frania and Wiggins 

1997) and behavioural (Section 3.1.1) information does not support this relationship, but rather. 

supports the monophyly of al1 ponable case building caddisflies. including the Glossosomatidae, 

Hydroptilidae and Integripalpia. The behavioural evidence indicates that the fixed-retreats built 

by annulipalpian larvae are not homologous to portable cases because they are constructed in a 

different fashion (Section 3.1.1). Al1 portable-case building taxa use the sarne fundamental 

behaviours to construct their cases (Section 3.1.1) and. therefore, cornparisons among these taxa 

seerns appropriate. 

Based on available evidence, the Glossosomatidae are resolved as the most ancestral 

portable case builder, with the Hydroptilidae the sister-group of the Integnpalpia (Frania and 

Wiggins 1997; Section 3.1.1). However, few integripalpian relationships above the family level 

are supported by even one uniquely derived morphological character state (Frania and Wiggins 

1997), making the resolution of inter-familial relationships difficult. Detailed information of 

how portable-cases are built may provide additional information to resolve inter-familial 

relationships of the Integripalpia. 

In this section I first construct a behavioural phylogeny of the ponable case builden and 

assess its strengths and weaknesses and then compare this phylogeny with the morphological 

phylogeny of Frania and Wiggins (1997). 

3&uakh& 

Information about methods of coilection, video taping. cataloguing and analysis are 

found in sections 2.1,2.2,2.3 and 2.4 respectively . 



Use of exemplars 

Behavioural information was gathered for 36 portable-case building genera representing 1 1 

families. Families represented by fewer than four genera had al1 genera included in the analysis. 

Families represented by four or more genera (Leptoceridae, Phryganeidae and Lirnnephilidae) 

had a maximum of three genera selected as exemplars because my goals were to determine the 

monophyly of iamilies and inter-familial relationships and not to determine inter-generic 

relationships. Exemplars were chosen based on knowledge of relationships within the family 

and variety of case structure. In the Phryganeidae. Yphria was included because it is regarded as 

the most ancestral genus (Wiggins 1998), and Agrypnia and Oligostornis were included because 

their larvae build spiral- and ring-shaped cases respec tively . In Leptoceridae, Ceraclea was 

selected because it was the most ancestral taxon studied (Morse 1981), and Oecetis  and 

Mystacides were selected because their larvae build stone and organic cases respectively. 

Selecting exemplan in the Limnephilidae was somewhat more difficult because inter-familial 

relationships are poorly resolved. Therefore, three genera were selected that had complete 

behavioural descriptions and whose cases were markedly different; namely, Plarycentropus 

(transversely arranged grass cases), Hydatophylax (cases built with bulky pieces of wood and 

leaves) and Limnephilus (longitudinally arranged organic material cases). 

Phylogenetic analysis of behavioural characters 

Character states were coded and entered into MacClade 3.0 (Maddison and Maddison 

1992). Resulting matrices werc then imported to PAUP 3.1 (Swofford 1993). The branch and 

bound function was used to find most parsimonious trees. Al1 characters were run unordered 

with equal weighting. Characters with inapplicable states were coded as (?). Using '?' for 

inapplicable character states can present some problems with the cornputer algorithrns 

(Maddison 1993). However. according to Maddison (1993). using '?' for inapplicable states is 

only problematic when two or more regions of the cladogram possessing the same applicable 

state are separated by a region of the cladograni possessing the inapplicable character state. This 
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does not occur in any of my analyses, therefore '?' were used for inapplicable States. Four 

autapotypic characters are included in the descriptions and optimized onto the phylogenies; 

however. these are excluded from length and fit measurements. The Glossosomaiidae is the 

most ancestral portable-case builder (Section 3.1.1) and therefore was designated as the outgroup 

taxon for this analysis. Most parsimonious trees were reconstmcted in MacClade for analysis of 

c haracter evolution. 

The topology of the behavioural phylogeny was compared to the topology of the Frania 

and Wiggins ( 1997: fig. 24) morphoiogically-based parsimony analysis. In MacClade, the 

behavioural dataset was altered to represent the topology of the morphological phylogeny of 

Frania and Wiggins (1997). The change in tree length required to produce the morphological 

topology with the behavioural dataset was used as an indicator of congruence between the 

be havioural and morphological hypotheses. 

3. i 2.3 Rehavioural c h g r a c t w  

Details of case building behaviour were documented for representatives of glossosomatids 

and 10 integripalpian families (Table 7). Twenty-three synapotypies and four famiiy-level 

autapotypies (Characters 24-27) are listed below. The autapotypies are not included in any of 

the length and f i t  measurements. but are mapped on the phylogeny because they may represent 

synapotypies when other genera are studied. See Appendix A for furtber descriptions and 

Ethobase for both textual and visual information. 

1. Rebuild case afier eviction: (0) absent; (1) present. 

Brachycentrid. helicopsychid, odontocerid and certain leptocerid larvae are unabie to 

entirely rebuild their case after eviction (0); larvae of other integnpaipians are able to rebuild 

their entire case ( 1). 

2. Temporary case: (0) covers the entin larval body at the beginning of permanent case building; 

( 1) covers only a portion of the larval body at the beginning of permanent case building. 
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Temporary case construction is the fïrst step in the case building process (Appendix A) 

with the temporary case ultimately becoming the posterior end of the case (Prestidge 1977). 

Pieces are typicaily attached quickly until the lama is entirely covered. At the beginning of 

permanent case building the building process proceeds more slowly. 

Glossosomatids (Appendix A: Glossosomatidae; Houghton and Stewart 1998), 

hydroptilids (McAuliffe 1982) and most integripalpians (Appendix A: Integripalpia) build a 

temporaly case as described above (O); lepidostomatids and leptocerids do not cover their entire 

body with the ternporary case prior to permanent case building ( 1). 

3. Abdominal posture when larva evicted from case: (0) straight; ( 1 )  bent in 'U' shape. 

When evicted from their cases, most caddisfly larvae maintain a straight abdomen (O). 

Leptocerid larvae curl their abdomens into a distinct 'UV shape with the ventral surface bent over 

upon itself (1) (URL: triaeush.mov). 

4.  Move during remporary case building: (0) not restricted; (1) restncted. 

Larvae of certain genera are constrained to search for pieces in their immediate area, 

usually because the temporary case is attached to a larger object (e.g., URL: 1epidatt.mov). Only 

after the permanent case is completed and the temporary case removed (including the larger 

object). is the larva able to move freely in search of pieces (1). Individuals of most genera can 

move about freely with their partially conswcted temporary case (O). 

5 .  Orientation within case when search for new piece begins: (0) rotates body so ventral surface 

contacts the substrate; (1) ventral surface oriented toward gap; (2) ventral surface of body 

oriented toward point of last piece attachent. 

Once a piece has been attached, the larva draws itself partially out of the case at a 

particular location and begins searching for a new piece. Larvae of most genera rotate their 

bodies within the case until they attain a particular position (typicaiiy ventral-side toward the 

substrate) before beginning a search (O) (URL: yphsub.mov); calamoceratid. iepidostomatid and 
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certain phryganeid l m a e  identify a gap between pieces and begin their search for a new piece 

with their ventral surface positioned in this gap (1) (e.g., URL: 01igingap.mov); certain 

leptocerid larvae begin a search by reiaining the same orientation they maintained after the 

attachent of the previous piece (2). 

6. Object held anteriorly during the building process: (0) absent; ( 1 ) preseni. 

Leptocerid larvae hold a large piece of substrate in front of their case during the building 

process (e.g., a large Stone or blade of grass) (1) (e.g.. URL: oecpivent.mov). Using their long 

hindlegs to grasp a large organic or minera1 object, a lama holds the object anteriorly while 

adding pieces to the anterior margin of the case using its mandibles and remaining legs. No 

other larvae were observed performing this behaviour (O). 

7 .  Raire pieces: (0) with legs; ( 1) with mandibles. 

Most caddisfly genera use their pro- and mesothoracic legs to search for, select. and raise 

pieces above the substrate (O). Leptocerid larvae use their mandibles to select and raise pieces 

nbove the substrate ( 1 )  (URL: oecmand.mov, nectomand.mov). Although the legs may 

occasionally direct pieces toward the mandibles, they are not actually used to raise pieces above 

the substrate. 

8 .  Uncut piece selection: (0) occasionally drops pieces after raised above the substrate: (1) never 

observed dropping a piece; (2) drop pieces often. 

Many caddisfly larvae raise pieces above the substrate only after the piece has been cut or 

modified; such larvae do not discard modified pieces and are therefore coded as inapplicable (?). 

Larvae of most genera that build using uncut pieces occasionally drop a piece after raising it 

above the substrate (O). Larvae of three leptocerid genera (Mystacides, Nectopsyche, Oecetis) 

were never observed dropping a piece once raising it above the substrate (1). Helicopsychids and 

odontocerids &op many pieces (sometimes more than 20) before selecthg one piece to add to 

the case (2). 



9 .  Movemenrs to detemine cutting location: (0) larva moves body and case forward dong a 

piece, to reverse direction the lama altemates the placement of its legs tuming the body and case 

180'; ( 1) larva draws body partially out of case (case remains stationary) to move along a piece, 

then retreats body back into case to reverse direction; (3) lama draws body partially out of case 

(case remains stationary) to move along a piece, to reverse direction the lama altemates the 

placement of its legs on the piece while maintaining a stationary case, thus bending in a U shape 

with the dorsal surface facing itself. 

Larvae that cut pieces must either maneuver themselves on a stationary piece, or 

maneuver a mobile piece within their legs, to determine where to cut. When the piece k ing  

measured is suspended off the substrate as part of a larger plant, larvae of some genera initiate 

the measuring process by rnoving themselves and their case dong the piece by altemating the 

placement of their legs. Larvae typically hang below and thus are oriented perpendicularly to 

the suspended piecc. To reverse direction (usually upon reaching the end of the piece), larvae 

change the side of the piece on which the legs are placed. Therefore, the right legs are placed 

where the left legs had been and vice versa. This results in the lama tuming both their body and 

case 180". The larva then rnoves foward in this direction and repeats this pattern until cutting 

begins. Certain larvae cut smaller pieces in a similar fashion; but instead of the lama moving 

along the piece, the larval body remains stationary and the legs altemate to move the piece 

through the legs. Pieces are typically held perpendicular to the larvae. To reverse direction, the 

piece is rotated in the legs by the lama placing the right legs where the left legs had been and 

vice-versa (0). Calamoceratids, lepidostomatids and Ceraclea move forward along a piece by 

alternating the placement of their legs while the case remains stationary thus drawing their 

bodies partiaily out of the case. To reverse directions, the lama retreats down the piece by 

reveaing the movements (1). AU phryganeids also move forward dong a piece by altemating 

the placement of their legs while the case remains stationary. The piece is held parailel to the 

larva dong its ventral surface. To reverse directions, the lama changes the position of its legs on 

the piece by placing its right legs where the left legs had k e n  and the left legs where the right 
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legs had been. This rotates the larva 180" inside its stationary case. Thus the lama remains 

parailel to ihe piece, but the piece is now adjacent to the larva's dorsal surface. The lama then 

moves dong the piece in the opposite direction (thus moving back towards its case) without 

retreating into the case. This results in the hcad pointing in the opposite direction to the 

abdomen and the body bending in a U shape with the dorsal surface facing itself (2) (URL: 

beoupdown.mov). 

10. Method of altering cut pieces: (0) do not alter; (1) alter the diameter; (2) cut and shake small 

pieces off; (3) shave length occasionally; (4) shave length or width often. 

Although larvae cut pieces from a larger piece to anach to the case, sometimes the length 

or width of the piece requires further alteration before it is attached. Brachycentrids attach 

cylindncal pieces to their case. After cutting, but prior to attachment, they shave the entire 

circumference of these pieces making them smooth (1). Lepidostomatids occasionally cut a 

small portion off the piece. When the srnall portion does not immediately fa11 off, the larva 

shakes the piece with its legs away from, and then back towards, its body (2). Limnephilid 

larvae occasionally alter the length of pieces (3). Certain phryganeid larvae shave the length 

ancilor width off almost every piece before attachment onto the case (4) (URL: agralt.mov). 

Larvae that do not cut pieces were coded as inapplicable (?). 

11. Method of detennining location of piece anachment during permanent case building: (0) 

location predetermined; (1) lama rotates and attempts to fit a piece at various locations; (2) after 

attaching a piece, the larva rotates around the cumnt ring of pieces with mandibles touching, the 

new piece is attached where the larva raises its mandibles off the interior of the case; (3) piece 

attached where preliminary silk foundation was laid; (4) pieces attached to case at the location 

closest to the substrate; (5) d e r  attaching a piece, the lama rotates around the current ring of 

pieces with mandibles touching, the larva cornes oui of the case at the location for subsequent 

piece attachment. 
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Al1 larvae must determine a location of piece attachment for newly selected piece. 

Glossosomatid larvae move directly to a location on the case and attach the piece. There is no 

indication that the location was visited pnor to piece selection. nor do they test the piece at 

various locations (O) (URL: glossbuill .mov). Larvae of many genera select a piece and move to 

various locations on the case to find an appropriate location for the piece (1) (URL: 

helifit(Z).mov, nectomand.mov). Other larvae rotate inside the case after piece attachment with 

their mandibles moving almg the anterior margin. At a certain location, larvae raise their 

mandibles off the interior of the case. Larvae then rotate inside the case until their ventral 

surface is onented towards the substrate to begin searching for a new piece. The new piece is 

attached at the location where the mandibles were raised off the case interior (2). Molannid and 

certain limnephilid larvae use both methods 1 and 2 are were therefore coded as polytypic. 

Brachycentrid larvae spin silk on an area of the antenor margin of the case before searching for 

and subsequently attaching a new piece to this location (3). Certain leptocerid larvae attach 

pieces to the case at the location closest to the substrate. The case is then rotated around the 

larva (4) (URL: oecpivent.mov, oecrotat.mov). Most phryganeid larvae rotate inside the case at 

the completion of piece addition and find a gap between pieces. The lama cornes out of the case 

with its body in this gap in search of a new piece. This body orientation is typically retained 

until the lama retums with a new piece which is attached in gap. If an appropriate piece is not 

located with the body oriented in the gap, the lama will rotate in the case to search funher and 

return to the gap with the new piece (5) (URL: oligingap.mov. beogap.mov). 

12. Entended anterodorsal margin of case: (0) absent; (1) pnsent 

Most caddisfly larvae build evenly around the anterior margin of the case. attaching 

pieces ai various locations such that al1 portions of the case margin are built at an equal rate (O). 

Molannid and leptocerid larvae build such that the dorsal margin is extended anteriorly beyond 

the lateral and ventral sides (1) (URL: moldorex.mov). 
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13. Pattern of piece addition during permanent case building: (0) pieces added predominantly 

on one half of the anterior margin of the case befon k ing  added to the other hait (1) each piece 

attached on the opposite side of the anterior margin relative to the previous piece; (2) pieces 

added predominantly but never exclusively side-by-side; (3) pieces initially added on opposite 

sides of the anterior margin but never side-by-side, therefore producing numerous gaps which 

are subsequently filled. 

Caddisfly larvae exhibit a variety of patterns of piece addition. Al1 portable-case building 

caddisflies add pieces to the anterior margin of the case, which is typically circular in cross 

section. For clarification of piece placement, consider the anterior margin of the case analogous 

to a clock face. Certain l ame  place pieces predominantly on one half of the antenor margin 

(e.g., area between hypothetical 12 and 6 o'clock) and then complete the cunent ring by 

attaching subsequent pieces to the other half (e.g., area between hypothetical6 and 12 o'clock) 

(O). Lepidostomatid. uenoid and cenain limnephilid larvae place pieces by altemating piece 

attachment from one side of the margin (e.g., area between hypothetical 12 and 6 o'clock) to the 

other (e.g., area between hypothetical 6 and 12 o'clock) ( 1) (URL: lepidpord4.mov). Certain 

phryganeid larvae place pieces predominantly side-by-side. but at some point add a piece aww 

from this pattern on the other side of the anterior margin. For example, a lama might place 

pieces at 1.2,3 and 4 o'clock and then move to the opposite side of the margin and add a piece 

at 9 o'clock. The lama would then retum to the original side and add pieces at 5,  6. 7. and 8 

o'clock. When the pieces are ultimately connected ii is difficult to determine which piece was 

placed out of order (2) (URL: fabsilk2.mov). Helicopsychid and odontocerid larvae initially 

attach pieces around a flush anterior margin such that no two pieces are directly adjacent to one 

another. This results in an antenor magin with numerous gaps between pieces. Subsequent 

pieces are placed in these gaps until the antenor margin is again flush (3) (URL: helifit(2).mov). 

14. Head mvements during prhary case silking: (0) lateral only; (1) lateral and 'v' movements; 

(2) lateral and diagonal; (3) posterior edge of new piece attached using anterior-posterior 

movements, lateral edges attached using lateral movements; (4) lateral and figure 8 head 
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movements; (5) figure 8 head movements only; (6) lateral and anterio-posterior in space between 

new and neighbouring pieces; (7) lateral from posterior edge to anterior edge of new piece with 

cross to opposite side. (8) anterior-postenor head movements and 'spitting' 

Glossosomatid larvae place strands of silk perpendicular to the orientation of the space 

between the new and neighbouring piece dunng piece attachent (0). 

Brachycentrid larvae add silk to the anterior margin by moving their head a short distance 

dong the rnargio in one direction and then returning back to the original location (e.g.. point A 

on the anterior margin. to point B then back to point A). It then moves using a 'v' motion from 

the margin at the original location (point A), deeper into the case and back to the margin moving 

in the same direction and distance as the initial movement dong the margin (at point B). Larvae 

repeat these movements until silking haifway around the anterior margin of the case, and then 

reverse al1 the movements to retum to the staning location (point A) (1)  (Fig. 6a) (URL: 

micraspin.mov). 

Calamoceratids use lateral as well as diagonal head movements. During diagonal head 

movements the larva place silk on an angle, rather than perpendicular, to the space between the 

new and neighbouring pieces (2). 

Larvae of lepidostomatid and limnephilid genera attach the posterior portion of the new 

piece first, by rnoving their heads antero-posteriorly in a zig-zag fashion. When laterai pieces are 

present, lamae then silk from the posterior comer toward the anterior comer of the new piece 

while moving their head in a lateral zig-zag motion. Larvae repeat the lateral movements in 

reverse retuming to the posterior comer of the new piece (3) (Fig. 6b) (URL: limnsilk(3).mov). 

Certain leptocend larvae use both lateral and figure 8 head movements. Larvae that build 

using pieces of material silk across the crack between the new and neighbouring pieces initially 

with smail lateral head movements that get broadened into figure 8 head movements. Larvae 

initiate silking at the posterior edge of the new piece and use these silking movements while 

moving toward the anterior margin of the case (4) (Fig. 6c). Larvae that use only silk during 

case construction add silk to the anterior margin using very short laterai head movements and 

then silk deeper into the case using a figure 8 head movement (4) (URL: cenmmv2.mov; clip 



Figure 6: Schematic diagrams of silking movements of (a) Brachycentridae. The numbers 

represent the order of the three different silking movements and the letten represent locations on 

the antenor margin; (b) Limnephilidae and Lepidostomatidae. 'A' represents silking onto the 

postefior margin of the new piece and 'B' represents the silking motions on the neighbouring 

piece; (c) Lepioceridae; (d) Phryganeidae. 
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showing just the lateral head movernents). Other leptocend larme initiate sillcing at the posterior 

edge of the new piece and perform only figure 8 head movements while moving toward the 

anterior margin. (5) (URL: oecpiventmov, trifig8.mov). 

Molannids use very small lateral head movements across the space between the new and 

neighbouring piece and occasionally use smail anterio-postenor head movements directly into 

the space (6). 

Phryganeids initiate silking at the posterior edge of the new piece and move toward the 

antenor margin using lateral head movements (zig-zags). Upon reaching the anterior margin. 

larvae pull a suand to posterior edge of new piece on the opposite side (7) (Fig. 6d) (URL: 

beoalter. mov). 

Helicopsychid and odontocerid larvae make both very small antero-posterior head 

rnovements directly into the space between the new and neighbouring piece, or they hold the 

head stationary and 'spit' silk into the space (8). 

15. Reinforce adjacent pieces andor entire ring: (0) absent; ( I )  zig-zag head movements on 

adjacent pieces only (2) zig-zag head movements on adjacent pieces and broad head movements 

on entire ring; (3) broad head movements on entire ring only; (4) small head movernents on 

pieces posterior of new piece: (5) figure 8 head movements on adjacent pieces only. 

After a new piece is securely attached. larvae of certain genera move around the anterior 

margin of the case placing additional silk on previously attached pieces. Glossosomatid. 

brachycenirid, helicopsychid and odontocerid larvae do not place silk on previously attached 

pieces (O). Certain phryganeid larvae place silk on pieces adjacent to the new piece after the 

attachment of each new piece by using nanow zig-zag lateral head movements (1). Other 

phryganeids perform movements similar to state 1 and occasionally (typically when the current 

ring or spiral is completed) place silk on al1 the pieces on the anteriot margin using broad head 

movements (2). Limnephilid. uenoid and lepidostornatid larvae do not spin on adjacent pieces 

after the attachment of each piece, but after the completion of a ring of pieces these larvae 

reinforce al1 pieces on the anterior margin using broad head movements (3). Molannids use very 
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small head movements to reinforce the spaces between the pieces directly posterior to the new 

piece (4). Leptocerid larvae use figure 8 head movements to reinforce adjacent pieces (see 

Character 14) (5). 

16. Head movements during deep reinforcement: (0) broad; (1) absent; (2) figure 8. 

After numerous pieces are added to the case, larvae of some genera move deep inside 

their case and continuously lay down silk, sometimes for extended periods. The silking of pieces 

chat do not currently form the antenor case margin it is termed deep reinforcement. Larvae of 

most genera perform deep reinforcements by using broad lateral head movements (O). Certain 

larvûe do no< perform deep reinforcements (1). Certain leptocerid larvae use a figure 8 

movement of the head to silk deep inside the case (2). 

17. Silk over the onterior mnrgin: (0) absent; ( 1 )  present. 

Odontocerid and certain brachycentrid larvae silk over the anterior margin of the case. 

With mandibles on the interior of the anterior margin of the case, larvae move perpendicular to 

the case margin silking up and over the margin ont0 the exterior of the case. During these 

movements, the head and thorax are well outside the case and the larva is bent over the case 

marg in ( l ) (URL: odonover. mov, arnioou t.mov). 

18. Manipulating attached pieces: (0) absent; (1) before piece attachrnent; (2) during piece 

attachment. 

Larvae of rnost genera do not manipulate pieces once attached to the case (O). 

Calamoceratids pull on numerous pieces dong the anterior margin of the case prior to piece 

attachment (1). Phryganeid larvae pause while silking a new piece ont0 the case, manipulate the 

new piece, and then either continue to add silk to the new piece or begin searching for the next 

piece (2) (URL: beoinpull.mov). 

19. Flipping during building: (0) absent; (1) pnsent. 
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Flipping is defined as a larva curling its head inside the anterior margin of the case and 

moving its head posteriorly until its entire body is oriented in the opposite direction inside the 

case. Larvae of many genera do not flip while building (0). Glossosomatids and phryganeids 

flip occasionally during building (1) (URL: yphflipmov). 

20. Flipping to rernove temporary case: (0) absent; (1) present. 

Once the permanent case coven an individual, iarvae of most species flip inside their 

case, cut off the temporary portion, and then flip back (1). In other genera. the temporary case is 

not be purposefully removed because the temporary pieces are loosely attached and eventually 

fail off (0). Larvae that were not observed building ternporary cases were coded as unknown (?). 

21. Method of moving: (0) altemate antero-posterior movement of legs; (1) alternate antero- 

posterior movement of legs and occasional use of silk strands: (2) alternate antero-posterior 

movement of legs and simultaneous laterai movement of legs; (3) extend legs anteriorly and 

simultaneously pull legs posteriorly. 

Almost ail caddisflies move about the substrate by alternately moving their left and right 

legs (O). Brachycentrids, aside from moving by alternating the position of their legs, also move 

using silk strands. A larva initiates a strand on a piece of suspended substrats and continues to 

emit silk from its mouthpans until it is suspended a distance away from the piece. To move 

funher away the larva releases more silk; to move closer the iarva climbs up the silk suand using 

alternate movements of its legs (1) (URL: amiospid(s).mov). Helicopsychid larvae also altemate 

the position of the legs to move fonvard. Additionally, these larvae rotate in one location by 

reaching al1 their legs to one side of their body and then moving their legs in synchrony across to 

the other side of their body. (2). Molannids do not move by altemate movements of their legs. 

Rather. these larvae outstretch their legs anteriorly and then pull their legs posteriorly in 

synchrony. Once the legs reach the head, the larva continues to move the legs posteriorly while 

curling its head toward the substrate uatil the legs are outstretched undemeath its body. The 

luva then ouutretches its legs anteriorly and repeats these movements (3) (URL: molmov.mov). 



22. Pdling silk f r m  mouthpans: (0) absent; ( 1 )  present. 

When brachycentrid larvae emit silk from their mouthparts they occasionally raise their 

forelegs to theY mouth such that the silk cornes in contact with the dorsal surface of the leg. The 

larva then moves its leg anteriorly and pulls silk out of its mouth. All brachycentrid larvae were 

observed perfonning this behaviour (1). No other caddisfly lana was observed pulling silk from 

its mouthparts (O). 

23. Speed dpiece addition: (0) quickly; (1) slowly. 

The entire piece addition process is extrernely slow in odontocerid larvae. From the 

initiation a search to the complete addition of a new piece typically takes between 20 and 45 

minutes for an odontocerid larva (1). Other caddisflies typically require between 30 seconds and 

5 minutes to complete the addition of a new piece unless a larva is unable to find an appropriate 

piece or if it requins additional tirne to cut a large piece (O). 

24. Construcrion of an intemediate case: (0) absent; (1) present. 

Al1 portable-case building larvae build a temporary case prior io permanent case 

construction (Appendix A) (O). Heteroplectron (Calamoceratidae) larvae are unique because 

they also construct an intermediate case (1). As with most other larvae, the temporary case of 

Heteroplectron larvae is built quickly until it coven the entire body; al1 stages of building are 

then slowed and the intermediate case constructed. Heteroplectron larvae ultimately construct a 

permanent case by boring through the middle of a twig. At the completion of intermediate case 

building larvae move to the end of a twig, hold the case ai a 120" angle to the twig, and begin 

boring (URL: hetend2.mov). 

25. Discarding unwanted pieces: (0) drop to substrate; (1) place on top of case. 

Most caddisfly larvae discard unwanted pieces by menly dropping the piece from their 

legs ont0 the substrate (O). Helicopsychid larvae. which have snail-sheli shaped cases. place 



72 

many rejected pieces on top of the case. These unwanted pieces eventually roll off the case 

away from the antenor opening (1) (URL: helictop.mov). 

26. Attaching pieces to exte rior dorsal surface of the case: (0) absent : ( 1 ) present. 

Molannid larvae occasionally raise a piece off the subsuate and rotate their body inside 

their case until their ventral surface is oriented dorsally. The larva then extends over the 

anterodorsal margin of the case and adds the piece to the exterior dorsal surface of the case (1) 

(URL: molptop.mov). 

27. Method of constructing temporary case belt: (0) attach pieces to each other and to larvai 

body; (1) attach pieces together then roll holding one of the pieces. 

Al1 caddisflies constmcting temporary cases. except Neophylax. build an initial belt by 

attaching pieces with small silk strands to their body and to other pieces in the vicinity (O). 

Neophylax larvae string about 4 rocks together in a row using silk. Then, while holding one of 

the end pieces in the row with its mandibles, the lama rolls 360" h m  its ventral surface, ont0 its 

dorsal surface and back to its ventral surface. At the completion of this roll, the piece at the 

other end of the row remains on the original side of the larva and the row of pieces is wrapped 

around the abdomen. The larva then attaches the two ends together to form a belt around its 

abdomen ( 1) (URL: neotempmov). 
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3.1.2.4 RESULTS 

Behavioural phylogeny 

Figure 7 is the strict consensus tree of six most parsimonious trees derived from the 

behavioural data. with length 60 steps, CI 0.83, RI 0.87. Each family repnsented by two or 

more genera is resolved as a monophyletic group. The Leptoceridae is supported by four 

unreversed synapotypies, the Phryganeidae by three, the Brachycentridae by five and the 

Odontoccridae by one. Al1 leptocend and phryganeid taxa noi used in ihis analysis shared these 

unreversed synapotypies. Although represented by only one exemplar, unique behavioun were 

discovered in the molannids, calamoceratids, helicopsychids, uenoids and lepidostomatids. 

These behaviours may prove to be synapotypies when more genera are studied. The 

Limnephilidae. as shown in Figure 7. is supported by one unreversed synapotypy (character 10). 

However. although some genera alter the length of cut pieces (state 3). others do not (state O). 

As such, the topology of the tree varies slightly depending on the exemplars chosen; the 

limnephilid genera are either monophyletic (Fig. 7) or unresolved sister-groups of the 

Calamoceratidae + Uenoidae + Lepidostomatidae. 

Relationships among families are generally not weli resolved; those nodes that are resolved 

are not supported by unreversed synapotypies. The only exception is the sisier-group 

relationship between the Helicopsychidae and the Odontoceridae, which is supponed by three 

unreversed character states. 

Comparison of the behavioural phylogeny to the morphological phylogeny 

Figure 8 is the morphologically based phylogeny of portable-case building taxa as 

modified from Frania and Wiggins (1997: fig. 24). Unrevened rnorphological character states 

that indicate relationships above the family level are optimized. Comparison with the 

behavioural phylogeny (Fig. 7) reveals several differences. The Phryganeidae are resolved as 

the sister-group to the remainder of the Integripalpia based on one reversed behavioural 

synapotypy, but are resolved in the Plenitentoria based on morphological data. The 

Odontoceridae and 



Figure 7. Strict consensus tree of 6 most parsimonious trees constmcted with behavioural data 

for portable-case building taxa. Autapotypies (characters 24-27) are optimized on the tree, but 

not included in the length and fit measures. An asterisk (*) denotes unreversed synapotypy. 

Abbreviations: Bra = Brachycentndae; Lep = Leptoceridae; Lim = Limnephilidae; Odo = 

Odontoceridae; Ph. = Phryganeidae. 
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Figure 8. Portion of the phylogeny of Frania and Wiggins (1997) that includes al1 portable-case 

building taxa. To indicate nodal support of inter-familial nlationships. al1 unique synapotypies 

supporting groupings above the family level are indicated. 
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Helicopsychidae are resolved as sister-groups based on three unreversed and two reversed 

behavioural synapotypies, but based on morphological data, do not share an immediate common 

ancestor. The Calamoceratidae + Uenoidae + Lepidostomatidae clade found in the behavioural 

phy logen y is sup ported by one reversed behavioural sy napotypy . Morpholog icall y, the 

Calamoceratidae are resolved as the sister-group to the Odontoceridae (in part). whereas the 

Uenoidae and Lepidostomatidae are resolved in the Plenitentoria in an unresolved polytomy that 

aiso includes the Limnephilidae and the Goeridae. 

Reproducing the morphological topology (including only the families studied 

khaviourally) using the behavioural dataset adds nine steps. a length increase of 1 390 (length 69 

steps, CI 0.72, RI 0.76). Four steps are added because helicopsychids and odontocerids are not 

sister-groups in the morphological hypothesis. Frania and Wiggins (1997) state that the 

monophyly of the Brevitentoria is questionable, but the monophyly of the Plenitentoria is 

strongly supported. Altering the behaviounl hypothesis to produce a monophyletic Plenitentoria 

adds five steps, a length increase of 7.5% (length 65 steps, CI 0.77, RI 0.8 1). 

lscusslo~ 

Information about how caddisfly larvae build their cases is useful for establishing the 

monophyly of most families. Each of the 5 families represented by two or more taxa was 

resolved as monophyletic based on behavioural information (Fig. 7). The monophyly of the 

Limnephilidae is questionable, however, because the monophyly collapses depending on the 

exemplars chosen. Each of the remaining 5 families (excluding glossosomatids). although 

represented by only one exemplar, exhibited uniquely derived character states that may npresent 

family-level synapotypies when more taxa are studied. 

Case building information is, however, insufficient for resolving relationships among the 

integripalpian families kcause, as with rnorphological data, uniquely derived character states are 

uncornmon at this level (Frania and Wiggins 1997). The Plenitentoria is supported by 

morphological data, but not with behavioural data. However, only five additional steps are 

required from the behavioural dataset to nsolve a monophyletic Plenitentoria. 
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Odontocends and helicopsychids share three synapotypies (characters 8, 13, 14). Larvae 

initially leave gaps between pieces being added to the anterior margin of the case and then 

subsequently fil1 in these gaps (character 13); siik is placed directly into the space between the 

new and adjacent piece with little or no side-to-side head movement (character 14); and larvae 

are extremely selective, dropping many pieces before an appropriate piece is selected for 

attachment (character 8). Aithough, the independent evolution of these coxnplex behaviours 

seems unlikely, based on morphological information. these two families do not share an 

irnmediate common ancestor (Fig. 8). If the morphological information is correct, the similarity 

of these three behaviours is a remarkable example of convergence. Larvae of both families build 

extremely strong cases; those of helicopsychids are the most resistant of al1 caddisflies to 

crushing (Williams et al. 1983) and those of odontocerids are almost impossible to break 

(Wiggins 1996). It seems probable, whether these families are closely or distantiy related, that 

these three synapotypies are responsible for the case strength. 

Case building behaviour in caddisflies is generally useful for supporting the monophyly of 

families, indicating the utility of behavioural data ai this level. However, behavioural data is not 

useful for reliably resolving relationships among those families. Morphological data are also 

insufficient for resolving inter-familial relationships in the Trichoptera and therefore the inability 

of behavioural data to elucidate relationships at this level should not be considered a general 

shoncoming of behavioural data. 
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3.1.3 Leptoceridae (Trichoptera) phylogeny: recognizing homologous behaviours in taxa 

with markedly dinerent end-products 

a. 1.3.1 Woduction 

Leptocends have by far the most diverse array of case morphologies arnong the 15 

families of Nearctic caddisflies that build portable cases (Trichoptera: Integripalpia). Larvae of 

the eight Nearctic leptocend genera build cases ranging in form from the delicate spiraling cases 

of organic material (Triaenodes and Ylodes) IF@. 9g). to tubular rock cases (Oecetis, Setodes 

and certain Ceraclea) (Figs. 9e.f). to tubular rock cases with lateral flanges (certain Ceraclea) 

(Fig. 9a). to organic cases with long additional projections attached (Mystacides and 

Nectopsyche) (Figs. 9c,d). to cases composed entirely of silk (Leptocerus and certain Ceracleci) 

(Fig 9b). 

The Leptoceridae is a monophyletic family comprising two subfamilies, 1 I tribes, 45 

genera (Morse 198 1) and 1255 species (Morse 1997a). Eight genera in seven tribes occur in the 

Nearctic region. al1 of which are assigned to the subfamily Leptocerinae. Morse (1981) 

published a phylogeny based on adult and larval morphological characters and proposed a 

revised tribal-level classification of the Leptoceridae. Morse and Holzenthal (1987) 

subsequently revised relationships within subfamily Triplectidinae; but, leptocerine relationships 

remain relatively unchanged from Mone (198 1). deMoor (1997), using only larval characters, 

published a phylogeny of the Leptocendae that offered a different interpretation of leptocerine 

relationships. deMoor was not concerned specifically with relationships arnong the Leptocerinae, 

but rather was interested in the placement of a new triplectidine species from South Afnca. Only 

two of his 17 morphological characters are applicable to the Nearctic Leptoceridae. 

Accordingly, Morse's (1981) hypothesis remains the most comprehensive phylogeny for the 

Leptocerinae. 

Behavioural data used in phylogenetic studies are typically gathered for closely relaied 

taxa whose behavioun appear to be similar (Baroni Urbani 1989; deQueiroz and Wimberger 

1993). In leptocerids, however, case building does not appear to be similar because case 



Figure 9. Cases of Lep toceridae: (a) Cerucleu; (b) Lep toce rus; (c) Mystacides: (d) Nectopsyche; 

(e) Oecetis; (f) Serodes; (g) Triaenodes. 





Figure 9. Continued 
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structure differs markedly among genera. Therefore. analyzing case building behaviour for 

phylogeny reconstruction might seem m e  an unproductive endeavor in this instance. The greatly 

varied case morphologies of leptocerids has surely led some specialists to believe that case 

building behaviour in this family is homoplasious, and thus not reliable for phylogeny 

reconstruction. By observing how leptocerids build their cases. I hope to determine if 

locomotory components of behaviour can accurately reflect genealogical relationships in a 

sinicturdly hzierogeneous group. 

In this section I (1) describe family level synapotypies of the Leptoceridae, (2) construct 

a behavioural phylogeny for the Nearctic genera, (3) compare the resulu with Morse's (1981) 

phylogeny and (4) combine behavioural data with morphologicd data €rom Morse (1981) and 

Yang and Morse (1993) in a total evidence analysis. 

acenals and methods 

Information on rnethods of collection, video taping, cataloguing and analysis are outlined 

in sections 2.1.2.2.2.3 and 2.4, respectively. 

S tudy organisms 

The Leptoceridae is divided into two subfamilies, the Triplectidinae and the 

Leptocerinae. The Leptocennae contains 8 of the 11 leptocend tribes and al1 8 Nearctic genera 

(Morse 198 1). The Nearctic genera are placed in 7 tribes and therefore represent much of the 

leptocerine divenity. Triaenodes and Ybdes are placed in one tribe, the Triaenodini; the 6 

remaining genera are placed in separate uibes. Setodes in Setodini; Mystacides in Mystacidini; 

Ceraclea in Athnpsodini; Nectopsyche in Nectopsychini; Leptoccrus in Leptocerini and Oecetis 

in Oecetini. Case building behaviour was documented for representatives of al1 8 Nearctic 

genent ( AppendUt A). 

Morphological data 
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M m e  (198 1) did not include a data matrix in his anaiysis of leptocend relationships but 

adult and larval rnorphological characters were descnbed in detail. These descriptions were used 

to code character states for al1 Nearctic genera using the putative basal member of the Nearctic 

leptocerids as the functional outgroup (Table 8). Taxa for which behavioural information is 

lacking ( i.e., Triplec tidinae. Leptomssini, Brachysetodes and Poecilopsyche) were deleted from 

the data matrix. 

Phylogenetic analyses 

Character states were coded and entered into MacCiade 3.0 (Maddison and Maddison 

1992). Resulting matrices were then imponed to PAUP 3.1 (Swofford 1993). The branch and 

bound function was used to find the most parsimonious trees. Al1 characters were run unordered 

with equal weighting. Ceracfen was designated as the outgroup following Morse ( 198 1). Most 

parsimonious uees were reconstructed in MacClade for analy sis of character evolution. 

3.1.3.3 Behavioural character analvsis 

Characters in support of the monophyly of the Leptoceridae 

Leptocerids are monophyletic based on four synapotypic building behaviours (Section 

3.1.2): (1) the larval abdomen is curled in a 'U' shape when exposed (character state 3(1)); (2) 

larvae raise pieces off the subsuate with their mandibles (excluding Leprocerus that builds with 

silk) (character state 7(1)); (3) larvae hold a piece in front of the antenor margin while building 

(character state 6(1)) and (4) larvae silk using a figure 8 head motion (character state 15(5)). 

The way in which Nearctic leptocends perform the searching and cutting stages is sirnilar to that 

desctibed for other caddisfly families. However, the handling, fitting and silking stages are 

slightly different from the descriptions for the other families (Appendix A; Fankhauser and Reik 

1935; Hansell 1968b). The handling stage is descnbed as a larva using its legs to raise a piece of 

material off the substrate and rotate it with its mouthparts applied. Nearctic leptocerid larvae use 

their mandibles to raise a piece above the subsinite and then use their legs to rotate the piece. 

D u h g  the fitting stage a larva determines the location for piece addition. Most caddisfly 



Table 8: Morphological c haracter matrix as inferred from Morse (198 1) (characters A-I) and Yang 

and Morse (1993) (character K). Only those taxa that were studied behaviourally are included. 

Characters 
Genera A B C D E F G H I  J K 

Cemlea 1 1 0 0 0 0 0 0 0 0 0  
Leptocerus 1 2  1 1 1 1 1 O O O O 
Mystncides O 2 1 1 1 1 1 1 1 1 O 
Nectopsyche 1 2 1 1 0  0 0 0  0  0  0  
Oecetis 0 2 1 1 1 1 1 1 1 0 1  
Setodes 0 2 1 1 1 1 1 1 1 1 0  
Triaenodes 1 2 1 1 1 1 1 1 1 0 1  
Ylodes 1 2 1 1 ~ 1 1 1 1 0 1  
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larvae add pieces evenly around the anterior margin of the case, whereas leptocerids and 

molannids add pieces preferentially to the antero-dorsal margin. Thus, the dorsal surface is 

extended antenorly further than the lateral and ventral surfaces of the case. The silking stage is 

defined as a lama anaching a new piece by spinning silk back and forth across the space between 

the new piece and the rest of the case. Leptocerid larvae are unique among caddisflies in that 

they use a 'figure 8' head movement to silk inside the case. Some species use this motion to 

attach pieces, whereas others use the motion to reinforce the inside of the case after piece 

addition. Leptocerids are also unique among caddisflies because they hold a piece of organic or 

mineral material in front of the anterior margin of the case during building. The long hindlegs 

hold the piece while the other legs and the mandibles build ont0 the antenor case margin. 

Generic-level behavioural characters 

Observations of case building behaviour in Nearctic leptocerid genera yielded 9 

characters (Table 9). Video clips of these behaviours can be viewed at URL 

http://www.zoo. t o r o n t o . e d u : 8 0 / z o o w e b / ~  

1. Rebriild case afier eviction: (0) absent; ( 1) present. 

When larvae are ejected from their cases, some are unable to rebuild their case. Most 

caddisflies are able to rebuild their case after evicted (1). Ceraclea and Leptocerus are unable to 

rebuild their entire case (O). 

2. Temporary case building location: (0) on substratum; (1) on vegetation. 

Oecetis. Se codes, Nectopsyche and Mystacides larvae beg in the building process on 

horizontal substrata. Their heads are directed towards the substrate with their abdomens directed 

vertically towards the water surface (O) (URL: oectempup.mov). Triaenodes and Ylodes larvae 

build their temporary cases while clinging to vegetation. Their heads are oriented toward the 

water surface and their bodies hang down fiom the vegetation (1). 
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3. Piece selection: (0) frequently drops pieces after raising them above the substrate; (1) never 

observed dropping a piece. 

Most caddisfly larvae that build using uncut pieces. including Setodes and Ceraclea often 

drop a piece after raising it above the substrate (O). In such instances the larva begins the search 

for another piece. Larvae of Mystacides. Nectopsyche, Oecetis, Triaenodes and Ylodes were 

never observed dropping a piece once it was raised above the substrate (1). 

4. Extended anterodorsal margin of case: (0) pieces added dorsally; (1) pieces added ventrally 

with larvae rotating inside the case; (2) pieces added ventrally with the case rotated. 

Most caddisfly larvae build evenly around the anterior margin of the case. attaching 

pieces at various locations such that al1 portions of the case margin are built at an equal rate. In 

Molonnn (Molannidae) and al1 Nearctic leptocerids the dorsal margin is extended beyond the 

lateral and ventral sides. In Setdes. Leptucerus and Ceraclea the case remains stationary while 

the larva either rotates with a piece in order to attach it to the anterodorsal margin of the case 

(Setodes and stone-building Ceraclea) or rotates and applies silk extensively to the anterodorsal 

margin (Leprocents and silk-building Ceraclea) (O) (WU: cermovpie.mov. cenmrnv.mov). 

Mystacides. Nectopsyche. Oecetis. Triaenodes and YIodes larvae eloogate the dorsal 

surface by adding pieces ventrally and then rotating the case such that the extended pieces are 

situated dorsally. Case rotation (present in States 1 and 2) is performed in two different ways. 

Mystacides and Nectopsyche larvae typically add relatively large pieces ventrally. With the case 

remaining stationary, the larva rotates its body 180" inside the case such that the ventral surface 

of the larva is oriented dorsally. The larva then rotates 180" with the case. thus bringing the 

larva's ventral surface back into contact with the substrate. Pieces added to the ventral surface 

of the case are now situated donally (1) (URL: nectrot.mov). The remaining genera (Oecetis, 

Triaenodes. Ylodes) also add pieces venually but rotate their case to orient these pieces doaally 

(2). The larva remains oriented in the same position while rotating the case mund itself. The 

case is eventually rotated 180' so that the extended area is oriented dorsally (URL: 

oecpivent.mov. oecrotat.mov, oecpitop.mov). 



5 .  Pattern of piece addition during permanent case building: (0) pieces added predominantly on 

one half of the anterior margin of the case before being added to the other hall; (1) new piece 

always neighbouring the previous piece added. 

Most caddisfly larvae add pieces predominantly to one half of the antenor margin and 

then complete the current ring by attaching subsequent pieces to the other half (O). Triaenodes 

and Ylodes individuals place al1 pieces of their permanent case side-by-side. That is, each new 

piece is added directly beside the previous piece added (1) (URL: ylodsbs.mov). 

Characiers 6 and 7 relate to the method of silking pieces in the case. There are two distinct 

silking actions; one dong the antenor margin including the area just posteriorad of the margin. 

and the other deep into the case. The former is termed 'primary silking' and the latter 'deep 

reinforcement'. Primary silking is used when adding a new piece to the case. Caddisflies with 

cases composed entirely of silk perform the same silking methods. 

6. Primary case silking: (0)  short side-to-side and figure 8 head movernents; (1) figure 8 head 

movements only. 

Two methods of primary silkmg used by leptocerids. Leptocerus. Ceraclen, Setodes. 

Nectopsyche and Mystacides use very short side-to-side and figure 8 head movements. Larvae 

building with organic or mineral material attach each piece using small side-to-side head 

movements initially but nearing the completion of piece addition make broader figure 8 head 

movements. In silk building Ceraclea and al1 Leptocerus. larvae use small side-to-side head 

movements to build ont0 the anterior margin of the case (URL: cenrnmv.mov) and figure 8 head 

movements from the anterior margin down a small distance inside the case (O). The remaining 

genera use a figure 8 motion to apply silk. The head moves in a figure 8 rnanner between the 

new and adjacent pieces. Silking is initiated at the posterior margin of the new piece and 

continues anteciorly until reaching anterior margin. The larva then retums to the base of the new 
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piece either by using the same figure 8 motion or by drawing a single strand directly to the base 

( 1) (URL: oecpivent.mov, trifig8.mov). 

7 .  Deep reinforcement: (0) present; (1) absent. 

Caddisfiy larvae typically move deep inside the case to reinforce the attachment of 

previous pieces (O). Larvae of Setodes, Ceracleo, Nectopsyche and Leprocerus use a figure 8 

movemeni of the head to siik deep inside the case. The other Nearctic leptocerids do not 

perform deep reinforcements ( 1). 

8 .  Building lateral and ventral portions of the permanent case: (0) case remains stationary; (1) 

case rotated. 

Setodes, Leptocetus, Mystacides, Nectqsyche and Ceraclea add pieces (or spin silk 

alone) by keeping the case stationary and rotating their bodies inside the case for the addition of 

pieces to lateral and ventral portions of the case (O). However, Oecetis. Triaenodes and Ylodes 

do not add pieces in this fashion. These individuals remain onented in one direction and rotate 

the case slowly around itself for the addition of al1 pieces ( 1) (URL: oecrotat.mov). 

9.  Flipping to remove temporary case: (0) absent; ( 1 )  present. 

Setodes larvae flip and remove their temporary case. which includes removing the large 

Stone used to initiate building (1). Oecetis. Mystacides. Nectopsyche and YloLs larvae construct 

a temporary case. but were not observed flipping to remove their temporary case. In these larvae 

the temporary case passively fell off (0). One Triaenodes lama was observed flipping to remove 

its temporary case whereas other Triaenodes larvae let the temporary case fa11 off passively. 

Triaenodes w as there fore coded as pol y morp hic (O/ 1 ) . Ce raclea and Lep toce rus larvae were 

unable to rebuild their case, thus temporary case building and removal was not observed and 

these two genera were coded as inapplicable (?). 



Table 9: Behavioural character matrix for representatives of the eight Nearctic leptocerid genera 

Charac ters 
Genem 1 2 3 4 5 6 7 8 9  

Cemclea O ? O O O O l O ?  
Leptocerus O ? ? O O O l O ?  
Mystacides 1 1  1 1 0 0 0 0 0  
Nectopsyche 1 1  1 1 0 0 1 0 0  
Oecetl's 1 1 1 2 0 1 0 1 0  
Setodes 1 0 \ 1 0 0 0  O 1 O 1 
Triaenodes 1 2 ? 2 1 1 0 1 1  
Ylodes 1 2 ? 2 1 1 0 1 0  



3,1,3,4 Results 

Behavioural phylogeny 

One most parsimonious tree was produced using the eight behavioural characters (Fig. 

10) with length 10 steps, CI 1 .O0 and RI 1.00. Ceraclea and Leptocerus are unresolved at the 

base of the tree, with al1 other genera comprising a monophyletic group. Intergeneric 

relationships among this latter clade are fully resolved with (Setodes + (Nectopsyche + 
(iCfystacidrs + (Orceris + (Triaenodes + Ylodes))))). The (Oecetis + (Triaenodes + YZodesjj 

clade is supported by three character states. the (Triaenodes + Ylodes) sister-group is supported 

by two characters states, as is the (Nectopsyche + (Mystacides + (Oecetis + (Triaenodes + 
Ylodes)))) clade. The (Mysracides + (Oecetis + (Triuenodes + Ylodes)))) clade and the (Setodes 

+ (Nectopsyche + (Mystacides + (Oecetis + (Triaenodes + Ylodes))))) clade are supported by one 

character state. 

Cornparison with morphological phylogeny 

When character descriptions of Morse ( 198 1) and Yang and Morse (1 993) were coded 

and entered into a data matrix (Table 8) the resulting tree (Fig. 11) is identical to figure 1 in 

Morse (1981). The tree has a length 12 steps, CI 0.92 and RI 0.92. The behavioural and 

morphological hypotheses differ in the placement of Setodes and Nectopsyche. In the 

behavioural analysis, Setodes is placed as sister-group of a clade including Nectopsyche, 

Mystacides, Oecetis, Triaenodes and Ylodes; whereas. Setodini (including Setodes) is placed as 

the sister-group of Mystacidini (including Mystacides) as two highly derived leptocerids in the 

morphological analysis. Based on the morphological dataset, Nectopsychini (including 

Nectopsyche) is the sister-group of al1 Nearctic leptocerids except Athripsodini (including 

Ceraclea) (Fig. Il). In the behaviourai data set, Nectopsyche is the sister-group of (Mystacides 

+ (Oecetis + (Triaenodes + Hodes))) (Fig. 10). 

Producing the morphological topology with the behavioural dataset cequires an additional 

four steps. Three of these steps an added when Nectopsyche is moved €rom the sister-group of 

(Mystacides + (ûecetis + (Triuenodes + YZodes))), as found in the behaviourai phylogeny, to the 



Figure 10. The single most parsimonious tree of 8 Nearctic leptocerid genera based on 9 

behavioural characters (Table 9). Al1 character States are optimized. An astensk (*) denotes an 

unrevened synapotypy. 



Length: 10 
CI: 1.00 
RI: 1.00 

Figure 10 



Figure I l .  Single most parsimonious tree of 10 morphological characters interpreted from 

Morse (198 1)  with an additional character from Yang and Morse (1993) (Table 8). Al1 character 

state changes are optimized. Morphological characters are labeled as letters to allow for 

distinction between behavioural and morphological characters in the combined phylogeny. An 

astensk (+) denotes an unrevened synapotypy. 



Length: 12 
CI: 0.92 
RI: 0.92 

Figure I l  
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sister-group of (Leptocerus + (Setodes + (Mystacides + (Oecetis +(Triaenodes + Hodes))))). 

Moving Setodes to be the sister-group of Mystacides, as depicted in the morphological 

phylogeny. adds the other step. 

Cornbined phylogeny 

Combining the nine behavioural characters (Table 9) and the 1 1  morphological 

characten (Table 8) produces two equally parsimonious trees. One tree is depicted in Figure 12 

(length: 26. CI: 0.8 1 ,  RI: 0.8 1 ) ;  the other differs only in having Setodes ancestral to (Mystacides 

+ (Oeceiis + (Triaenodes + Ylodes))). The only difference between the combined tree (Fig. L2) 

and Morse's (198 1) tree is that Oecefis is placed as the sister-group of Triaenodes + Ylodes. 

This relationship is supponed by a morphological characier state, the divided tergum X character 

of Yang and Morse (1993) and three unreversed behavioural synapotypies, 4(2), 6(1) and 8(1). 

The other most equally parsimonious tree differs from Mone ( 198 1 )  because Setodes and 

Mystucides are not resolved as sister genera. In this alternate arrangement the behavioural 

character state 7(1) is a synapotypy of (Mystacides + (Oecetis + (Triaenodes + Hodes))) and the 

morphologicd choracter state J( 1 ) is homoplasious. 

3.1.3.5 Discussio~ 

Monophyly of the Leptoceridae using behavioural data 

The monophyly of the Nearctic Leptoceridae is supponed by four unnvened behavioural 

synapotypies based on outgroup cornparison with 11 families (32 genera). Two of these 

behavioural characters are particularly convincing and deserve additional comment. Fint, all 

leptocerids (excluding Leptocerus larvae that build using only siik) search for and raise pieces 

off the substrate using their mandibles instead of their forelegs. When searching for a piece of 

material to attach to the case, the iarva moves its head about while opening and closing its 

mandibles. When a piece is grasped in the mandibles the head is raised off the substrate brings 

the forelegs to the piece and moves back into the case to attach the piece. No other caddisflies 

wen ever observed selecting pieces with their mandibles. This feahire is distinctive, complex 



Figure 12. One of the two equally parsimonious trees of Nearctic leptocerids using a combined 

data set of 9 behavioural (characten 1-9) and 1 1  morphological characters derived from Morse 

(1981) (chmcters A-I) and Yang and Morse (1993) (character K). In the alternate me Setodes 

and Mystacides are a sister genera. Al1 character States are optimized. An astensk (*) denotes 

an unreversed synapotypy. 



Length: 26 
CI: 0.8 1 
RI: 0.8 1 

Figure 12 
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and observed only in leptocerids. Second. leptocerids are the ody  caddisflies that hold a piece 

of substrate anterior to their case while building. Using their long hindlegs to grasp a large piece 

of organic or mineral object. a larva holds the piece anteriorly while adding pieces to the case 

using its mandibles and remaining legs. Both of these behavioua are convincing synapotypies 

of the family. 

The 8 Nearctic genera studied are al1 memben of the Leptocerinae representing 7 of the 8 

leptocerine tribes and 7 of the L L Ieptoccrid iribes. The four behavioural synapotypies are 

assumed to be family level traits because the 8 Nearctic genera represent most of the diversity of 

the Leptoceridae. Studying memben of the Triplectidinae in a similar fashion would indicate 

whether these traits are family level phenomena or whether they resolve the monophyly of the 

Leptocerinae. 

Although the eight Nearctic genera exhibit a diverse array of case morphologies. the 

monophyly of the group is supported using behavioural data. This is an example of how 

locomotory information can yield genealogical information despite variation in case morphology 

Cornparison and combination of behavioural and morphological data 

The only difference between the original morphological analysis (Morse 198 1) and the 

combined phylogeny is that originally, Oecetiini (including Oecetis) was resolved as the sister- 

group of the Setodini + Mystacidini. Yang and Morse (1993) later discovered an additional 

morphological character that resolved Oecetini as the sister-group of the Triaenodini (Triaenodes 

+ Ylodrs). The behavioural data supports the latter arrangement with three unreversed 

synapotypies supporting the (Oecetis + (Triaenodes + Ylodes)) clade. 

Behavioural character States l(1) (rebuild case after eviction: present). 3(1) (piece 

selection: rarely or never rejects pieces) and 4(1) (extended anterodonai rnargin of case: pieces 

added venually, with larvae rotating inside case) are homoplasious based on the combined 

analysis. These homoplasious traits may be explainable. Leptocerus and Ceraclea larvae are 

unable to entinly rebuild their cases (1(0)), but both build cases that require considerable 

energy. Ceruclea either builds cases of small Stones f d y  attached together, or builds cases 
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entirely of silk; Leptocerus builds only silken cases. Al1 other caddisflies that build cases 

predominantly or entirely of silk. (e.g., Amiocentrus. Micrasema), or of many small Stones 

fastened together strongly (e.g., Psilotrata, Farda, Neothremma Helicopsyche) are also unable 

to rebuild their cases. The ability of a larva to rebuild its case after ejection may depend on the 

amount of energy required. The second character state exhibiting homoplasy is whether larvae 

drop a piece after raising it above the substrate. Most caddisfly larvae, including Setodes and 

Cerncleo, occasionaily drop a piece after raising it above the substrate (3(0)), however, other 

leptocerid genera were not observed dropping pieces. Triaenodes and Ylodes cut pieces for their 

case so it is perhaps not surprising that these pieces are not dropped. However, Mystacides, 

Nectopsyche and Oeceris use smail plant or mineral fragments for case building and yet no lama 

was observed dropping a piece. The most likely transformation of this character based on the 

combineci phylogeny is that Setodes revened back to the ancestral condition of occasionally 

dropping pieces. The third homoplasious behavioural character state is the method of attaching 

large pieces to the case, which is similar in Nectopyche and Mystacides (4(1)). It is possible 

that these two genera converged upon the same method of attachment, despite the fact it is rather 

cornplex. Both genera add the large pieces ventrally and then rotate inside keeping the case 

stationary until the ventral surface of the lama is oriented donally. The larva then rolls over 

without changing its position relative to the case. The larva is thus again oriented toward the 

substrate but the newly attached pieces are located dorsally. It seems possible that the behaviour 

used to attach a large piece evolved in the ancestor of (Nectopsyche + (Leptocerus + ((Setodes + 

Mystacides) + (Oecetis + (Triaenodes + Ylodes))))) but is unexpressed in Leprocerus and Setodes 

because they do not add large pieces to their case. The deep reinforcement character state 7( 1) is 

homoplasious in one of the equaily parsimonious mes (Fig. 12) but not the other. 

Five behavioural character States are congruent with the morphological data in both the 

rnost equally panirnonious trees: 2(1) temporary case building location: on bottom substrata, 

4(2) extended anterodorsal margin of case: pieces added venvally with case rotated, 5(1) pattern 

of piece addition dunng permanent case building: new piece always neighbouring previous piece 

added, 6(1) primary case silking: figure 8 head movements ody, 8(1) building lateral and ventral 
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portions of the permanent case: case rotated. The behaviour of a larva rotating its case about 

itself deserves further elaboration. In al1 other caddisfly genera, larvae rotate their bodies inside 

a stationary case to add each piece to the case (except Mystacides and Nectopsyche, see character 

state 4(1)). Conveaely, Oecetis, Triaenodes, and Ylodes rarely if ever rotate their body inside the 

case; rather, larvae rotate their cases around themselves for each piece added to the case (4(2), 

8(1)). After adding a piece to its case, the lama remains oriented in the same direction, but 

rotates its case about its body. The lasva retains the same body orientation. and adds a new piece 

to the case at the new location before rotating the case again at the completion of piece addition. 

These character states. dong with character state 6(1) are synapotypies of Oecetis, a genns with 

nibular Stone cases, with Triaenodes and Ylodes, two genera with spiraling organic cases. 

3.1.3.6 Conclusions 

Nearctic leptocerids use a similar behavioural repertoire to build their cases even though 

their case structures are markedly different. Three complex behavioun were shared by members 

of the group and one additionai character is unscorable for Leptocerus but shared among ail 

other leptocerids. The behavioural phylopeny differs from the morphologicai phylogeny only in 

the placement of two genera, Nectopsyche and Setodes. Three of the four homoplasious 

behavioural character states result from the resolution of Nectopsyche as the sister-group to 

(Leptocerus + ((Setodes + Mystacides) + (Oecetis + (Triaenodes + Ylodes))))), and the fourth 

results from the sister-group relationship of Setodes + Mystacides. The nmaining behavioural 

data are congruent with morphology, even though these characten group taxa that have 

remûrkably different case morphologies. Detailed descriptions of how an animal behaves can 

produce valuable genealogicd information even when the end-products of those behaviours are 

markedly different. 
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3.1.4 Rings vs. spirals: A re-evaluation of case-building behaviour in the Phryganeidae 

(Trkhoptera). 

d* 1 .4*1 Inuoduction 

The Phryganeidae are a farnily of caddisflies (Trichoptera) consisting of 15 genera and 

about 75 species worldwide, with 10 genera and 28 species known from the Nearctic region 

(Wiggins 1996). The Pbyganeidae build portable cases made primanly of organic material 

arranged around the body. Wiggins (1998) constructed the first phylogeny of the Phryganeidae 

using predominantly morphologicai characters; however, one of the 21 (15 informative) 

charactes was ''lama1 case-making be haviour". Wiggins ( 1996; 1 998) described three different 

methods of case building based on the organization of pieces in the case. Genera whose larvae 

build irregular cases (Fig. 13a). place mineral. organic or detrital pieces around their body with 

no regular arrangement (e.g., Yphrin). Genera whose larvae build spiral cases, cut and place 

organic material side by side, with each piece positioned slightly ahead (anterior) of the previous 

pieces, resulting in a continuous spiral (Figs. 13b.c) (e.g., Agrypnia, Banksiola, Fabria and 

Phryganes). Ring case building genera place organic material. usually cui from leaves of 

deciduous trees, into discrete rings joined end to end (Fig. L3d) (e.g., Beothukus, Oligostomis 

and Ptilostomis) (Wiggins 1998). Genera were thus coded as having either irreguiar, ring or 

spiral shaped cases, with Fabria having a spiral case with trailing edges (Wiggins 1998). By 

detailing how the cases are built one can discuss whether this coding accurately depicts case 

building behaviour in phryganeids. Additionally, a behavioural phylogeny constructed using 

larval case building behaviour can be compared to the existing morphologicai phylogeny. 

The goals of this section are threefold: (1) describe the behavioural repertoire of case 

building in eight Nearctic phryganeid genera and use this information to construct a phylogeny 

based solely on behavioural characters, (2) reanalyze the morphologicai data of Wiggins (1998) 

and compare this phylogeny to the behavioural phylogeny, (3) assess whether the 'larval case- 

making behaviour" character of Wiggins (1998) accurately represents larval case building 

behaviour in the Phryganeidae. 



Figure 13. Larval cases of the Phryganeidae: (a) irregular case as exemplified by Yphria; (b) 

spiral case as exemplified by Phryganea: (c) spiral case with trailing edges of Fabria; (d) ring 

case as exempiified by Ptilostomis. 



Figure 13 
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3.1.4.2 M a t e m  and metho& 

Information about methods of collection, video taping, cataioguing and analysis is found 

in sections 2.1.2.2.2.3 and 2.4 respectively. 

Morphological Characters 

A reanalysis of Wiggins (1998) data (Table 10) was conducted including al1 taxa. Five 

autapotypic characters were removed. Foiiowing Wiggins ilssumptions about character 

transformations, characters 3.9, 12 and 19 were run ordered and the remainder run unordered. In 

the data matrix character 18 has 8 states (0-7). however in the texi, Wiggins notes that states 3 

through 7 were al1 coded as 3 for his PAUP analysis. This latter coding was used for my re- 

analysis. The morphological data set (Wiggins 1998) was then modified to include only the 

phryganeid taxa studied behaviourally. Ali uninfonnative characters were deleted leaving nine 

characters for eight taxa (Table 11). 

Phylogene tic Analyses 

Both be havioural and morphological datasets were and yzed using Yphria califomica as 

the outgroup. Al1 behavioural c haracters were run unordered with equal weighting. 

Morphological character types and weights were unchanged from Wiggins (1998). Character 2 

of Wiggins (1998 - larval case-making behaviour) was removed and replaced with the case 

building behavioural characters. Al1 character states were coded and entered into MacClade 3.0 

(Maddison and Maddison 1992). Resulting matrices were then imported to PAUP 3.1 (Swofford 

1993). The branch and bound function was used to find the most parsimonious trees. If more 

than one most equally parsimonious tree was produced. the data were successively weighted 

until no furthet reduction in tree number resulted. 



Table 10: Dataset of Wiggins (1998) with uninformative characters removed. Character numben 

shown comspond to character numben in Wiggins (1998) 

Characters 
Genera 1 3 4 5 6 7 8 9 1 1 1 1 1 1 1 2  

O 1 2 3 4 8 9 0  

Yphria 
Tn'chostegia 
F&M 
Agrypnetes 
Agrypnia 
Bunksiola 
Oligotncha 
Phryganea 
Beothukus 
Ptilostomis 
Hagenella 
Oligostomis 
Semblis 
Neurocy ta 
Eiibasilissa 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 3 0 0 0 0 0 2 0 L 0 0 0 0 0 1  
0 3 0 0 2 U 0 0 1 0 I 0 0 0 0 0 0  
0 3 0 2 2 0 2 1 1 1 0 1 0 2 0 0  
O 30\21 2 O O 1 1  1 0 0 \ 1 0 2  O O 
0 3 1 0 2 1 0 1 1 1 0 0 1 1 0 2  
O 3  1 0 2 0 \ 1 0  10\11 0 0  1 1  O 0  
O  3 O 2 2 00\21 O 1 O O O O U O  O  
0 2 0 0 1 1 0 1 1 1 1 0 0 3 0 0  
O 3 0 0 1  1 0 1 1 1 2 0 0 3 1 0  
0 3 0 0 1 1 1 1 1 1 2 0 0 3 1 0  
O 2 0 0 1  1 0 1 1 1 1 0 0 3 1 0  
0 1 0 0 1 1 0 1 1 1 1 0 0 3 2 1  
0 1 0 0 1 ? ? ? ? 1 1 0 0 3 1 3  

Table Il: Dataset of Wiggins (1998) excluding taxa not studied behaviourally and any 

uninformative characten that arose as a result of pruning these taxa. Character numbers shown 

correspond to c haracter numbers in W iggins ( 1998). 

Charac ters 
Genera 3 6 7 9 1  1 1 1 1  

O 1 2 8 9  

Yphria 0 0 0 0 0 0 0 0 0  
F&M 32\30 1 O 1 O 0 0  
Agrypn ia 3 2 0 1 1  1 0 2 0  
Banksiola 3 2 1 1 1 1 0 1 0  
Phryganes 3 2 0  1 O  1 O O U O  
Beothukus 2 1 1 1 1 1 1 3 0  
Prilostomis 3 1 1 1 1 1 2 3 1 
Oligostomis 2 1 1 1 1 1 1 3 1 



Groundplan of phryganeid case building behaviour 

Differences in building behaviour from Appendix A (overview) are noted here. Vide0 

clips are found at URL: http://www.zoo.toronto.edu:8O/zooweb/as/. 

Phryganeids al1 build cases of organic matenal (Yphria califomica use both organic and 

mineral matenal). After being expelled from their case. al1 phryganeids except Beothukus build 

an entirely new case. Yphria larvae abandon iheir cases almost immediately upon removal from 

water (N. Erman. pers. comm. 1998). Other phryganeids do not vacate as readily, but with a 

gentle prod to the posterior end. al1 lama except those of Beothukus vacate quickly. Beothukus 

do not vacate their cases readily and cannot rebuild their case, therefore only case repair 

behaviour was recorded. Hanse11 ( l968a) and Prestidge ( 1977) both perfonned studies which 

indicate rhat case repair is not distinguishable from normal case building behaviour. 

Phryganeid l a m e  build their temporary case quickly. but then slow the process, flipping 

easily, and often, within both their temporary and permanent cases (Section 3.1.2: character 19). 

Ail phryganeids perform ail six stages described in Appendix A (overview). Al1 larvae are 

selective dunng permanent building with most cutting appropriately sized pieces from leaves or 

grass. Even Y. californicn larvae. that rarely cut pieces. reject many pieces before accepting an 

appropriately sized piece for their case. Phryganeid larvae perform the handling stage on each 

piece before adding it to the case. When preparing to cut, a larva rnoves along the piece in a 

distinctive rnanner. Initially the lama moves forward along a piece by alternating the placement 

of its legs while the case remains stationary. The piece is held parallel to the lama along its 

ventral surface. To reverse directions, the larva changes the position of its legs on the piece by 

placing its right legs where the left legs had k e n  and the left legs where the right legs had been. 

This rotates the lama 180' inside its stationary case. Thus the lama remains parallei to the piece, 

but the piece is now adjacent to the larva's dorsal surface. The larva then moves along the piece 

in the opposite direction (thus moving back towards its case) without retreating into the case. 

This results in the head pointing in the opposite direction to the abdomen and the body bending 
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in a U shape with the dorsal surface facing itself (URL: beoupdown.mov) (Section 3.1.2: 

character state 9(2)). The lama moves dong the piece in this position until it stops to cut. 

The selection of location for the fitting stage is detennined differently in phryganeid 

genera (see character 6 below). However. al1 phryganeid larvae lay down silk in a sirnila 

fashion (Section 3.1.2: character state 14(7)). Larvae begin siking at the base of the new piece 

and place silk in a zig-zag motion moving anteriorly crossing the gap between the new and 

adjacent pieces. When the lama reaches the anterior rnargin of the case, it draws one long strand 

to the base of the new piece on the opposite side and begins silking anteriorly on this side. This 

process is repeated at least once per side (URL: beoalter.mov). During piece attachment larvae 

manipulate the piece and then either continues to add silk to the new piece. or begins searching 

for the next piece (Section 3.1 2: character state l8(2); URL: beoinpull.mov). Rein forcement 

silking (silking adjacent pieces on the present ringlspiral) is performed by al1 individuals. while 

deep reinforcement (silking previous rings/spirals) is only found in some species. 

Behavioud characters 

Case building behaviour in Phryganeidae produced 10 characten (Table 12; Appendix A; 

Ethobase). 

1. Move with temporary case: (0) absent; ( 1 ) present. 

Larvae of some genera can only search for pieces in their immediate area until they fiip, 

cut off the temporary case. and flip back (O) (URL: yphflip.mov. yphtemof.mov). They can then 

move freely about in search of additional pieces. Individuals of other genera can move freely 

with only the temporary case (1). 

3. Case location to begin seorch: (0) rotates in case; (1) gaps. 

When piece attachment is completed, the lama draws itself partiaily out of the anterior 

end of the case at a particular location and begins searching for another piece. Yphria 

californica larvac always rotates towards the substrate to find the next piece (0) (URL: 
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yphsub.mov). Al1 other taxa reinforce until a gap is Located. draw themselves out of the case at 

bat  point and begin searching for another piece (1) (URL: beogap.mov. oligingapmov). 

3. Guy line: (0) absent; (1) present. 

When guy lines are present. a larva pe r fom the following behaviourai repertoin: it cuts 

a piece from a larger source and holds the cut piece in its metathoracic legs while using its pro- 

and mesothoracic legs to grasp to the source piece. The lama then extends a suand of silk from 

the source piece to the anterior margin of the case. The larva transfers the piece from its 

metathoracic to its forelegs and attaches the piece to the case. When piece attachment is 

complete. the lama finds the guy line and. using its legs. follows the strand back to the source 

piece (URL: phryggy.mov, agrgy2.mov). This behaviour was not perfomed for every piece 

throughout building, but was either observed in its entirety for each individuai recorded for a 

genus (1) or not observed in any individuals of a genus (O). 

4. Measitre to cut: (O) once only; ( 1) more than once. 

Larvae of some genera rneasun a piece by starting at the end of a source piece, moving 

dong the piece a given distance and then cutting (URL: bank1cut.mov). The distance is possibly 

detemiined by relative body size (e.g.. spnad of legs) (O). Larvae of other genera start at the end 

of a piece, move along the piece a given distance, move back to the staning point. and move 

back along again before making a cut, thus measuring more than once (1) (URL: 

phryg2cut.mov). This measuring process was observed for d l  pieces recorded with no 

deviations observed. 

5 .  Method of altering cur pieces: (0) do not alter; (1) shave length and width often; (2) cut length 

off pieces after attachment to case. 

Lmae of some genera cut a piece and add it d i ~ c t l y  to the case without alteration (0) 

(URL: 01igocut.mov). Agrypnia and Phryganes larvae shave the length and width off almost 

every piece prior to attachment onto the case (1) (URL: agralt.mov). Beothukus larvae aiter 
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pieces, but not until after an entire ring of pieces has been attached to the case. Larvae then tut 

the antecior margin of the case such that d l  pieces are of equal length (2). 

6. Method ofdetenniningfit location during permanent case building: (0) moves with a piece; 

(1) lama cornes out of case at the location. 

Yphria larvae select a piece and move to various locations on the case to find an 

appropriate location for attachment (O). Al1 other phryganeids rotate inside the case at the 

completion of piece addition and find a gap between pieces. The lama comes out to search for a 

piece in this location and attaches the next piece at this spot (1) (URL: 01igingap.mov. 

oligocut.mov, 01igofit.rnov). 

7. Pattern of piece addition during permanent case building: (0) pieces added predominantly on 

one h d f  of the anterior margin of the case before king added to the other half; (1) pieces added 

predominantly but never exciusively side-by-side. 

Certain phryganeid larvae add pieces on one half of the anterior margin (using the 

analogy of a clock face, an example would be the area between 12 to 6 o'clock) before switching 

to the opposite side (e.g., area between 6 to 12 o'clock) to extend the anterior margin (O). Other 

phryganeids place pieces predominantly side-by-side, but at some point add a piece away from 

this pattern on the altemate side of the anterior margin. For example. four pieces are added at 1. 

2, 3 and 4 o'clock respectively, and then the fifth piece is added at 9 o'clock. The larva then 

retums to add four more pieces at 5, 6.7, and 8 o'clock respectively, until the addition of these 

pieces neighbours the piece added to the altemate side (1) (URL: fabsilk2.mov). 

8 .  Reinforce adjacent pieces and'or entire ring: ( O )  adjacent only; ( 1) adjacent and bmad on 

entire ring. 

After the attachment of each piece Yphria larvae place silk on pieces adjacent to the 

newly added piece (0). Some larvae spin on adjacent pieces &et the addition of each new piece, 

but also after the addition of numerous pieces (typically when the cumnt ring or spiral is 
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completed) use broad head movements to spin on al1 the pieces that compose the anterior margin 

of the case (1). 

9. Deep reinforcement: (0) absent; (1) present. 

After numerous pieces are added to the case. larme of some genera move deep inside 

their case and continuously lay down sik. sometimes for extended periods. The silking of pieces 

that do not currently fonn the anterior case margin it is termed deep reinforcement. Some larvae 

do not perform deep reinforcements (O). Larvae of other genera perform deep reinforcements 

using broad head movemenu ( 1). 

10. Piece rest: (0) inwardly pull with legs; (1) push outwardly with head. 

Phryganeids test a piece dunng its attachment. Thus. while silking, the larva pauses to 

either push or pull the new piece to assess its attachment. The larva will then either continue to 

add silk to the new piece or begin searching for the next piece. Testing is done either by pulling 

inwardly with the legs (O) (URL: beoinpull.mov) or by pushing outwardly with the head (1) 

(URL: fabsilk2,mov). 



Table 12: Behavioural characten for representatives of eight Nearctic phryganeid gemra. 
. 

I 

C harac ters 
i Genera 1 2 3 4 5 6 7 8 9 1  
1 O 

~ ~ r y ~ n i a  0 1 1 0 1 1 1 1 0 0  
1 Bankriola O i O 1 0 1 1 1 1 1  : Beothukus ? 1 0 0 2 1 1 1 0 0  
Fabria 0 1 0 1 0 1 1 1 1 1  
Oligosiomis 1 1 0  O O 1 O 1 1 O 
phrygiznea 0 1 1 0  1 1 1 1 0  0 

~~tilostomrî 1 1 O O O 1 O 1 1 O 
1 Yphria 1 0 0 0 0 0 0 0  1 0  



3.1.4.4 Results 

Behaviouml analysis 

The analysis of the behavioural characters produced a single most parsimonious tree of 

1 1  steps, with CI 1.00 and RI 1.00 (Fig. 14). Agrypnia and Phryganea are sister-taxa based on 

two character states. The monophyly of (Beothukus + (Agrypnia + Phryganea) is supported by 

one synapotypy. Banksiola and Fabria are resolved as sister-taxa based on two character states, 

with the monophyly of ((Banksiola + Fabria) + (Beothukus + (Agrypnia + Phryganea)) 

supported by two synapotypies. Ptilostomis and Oligostomis are unresolved relative to one 

another and are resolved as the sister-groups of the aforementioned clade. The monophyly of the 

ingroup is supported by three character states. This phylogeny indicates that neither spiral 

builden (Banksiola, Fabria. Agrypnia, Phryganea) nor ring builders (Oligostomis, Beothukus, 

Ptilostomis) are monophyletic. The only synapotypy for the genera building spiral cases is the 

ability to move with their temporary cases (Table 12: character 1). The genera building ring 

cases share no synapotypies. The pattern of case evolution based on this analysis progresses 

from an irregular case, to a ring case. Spiral cases evolved from the ring cases, with a reversal in 

Beothukus. 

Morphological analysis 

My reanalysis of Wiggins (1998) data including al1 taxa, produced 56 equally 

parsimonious mes that reduced to 28 after successive approximations, with lengths 34, CI 0.82 

and RI 0.86. The 50% majority rule tree is shown in Figure 15. Al1 nodes were represented by 

al1 trees except the node ancestral to Phrygunea which was found in 57% of the trees, the node 

ancestral to the Agrypnetes and Agrypnia clade found in 71% of trees and the monophyly of 

Agrypnetes and Agrypnia which was found in 57% of trees. Wiggins' (1998: fig. 6) prefemd 

tree had a length of at les t  36 steps, CI 0.78 and RI 0.82 (Fig. 16). After deleting genera not 

subjected to behavioural analysis, two equally parsimonious trees were prduced; with one 

shown in Figure 17. The other tree has Fabria basal to Phryganea, but no character states 



Figure 14. One of two equally parsimonious trees denved fmm 10 behavioural characters from 

case building in Nearctic phryganeids. Ptilostomis is ancestral to the Fabria + Bankiiola clade in 

the altemaie tree. Ring, spirai and irregular cases are placed above the taxa exhibithg these case 

types. Al1 character States are optimized. An asterisk (*) denotes an unreversed synapotypy. 



Length: 1 l+ 
CI: 1.00 
m. 1.00 

Figure 14 



Figure 15. 50% majority rule me of 28 most equally parsirnonious mes €mm the morphological 

data in Wiggins (1998). The numbea refer to the percentage of trees supporting each node if 

less thm 100%. Ring, spiral and imgular shapes are piaced iibove the taxa exhibiting these case 

types* 



Length: 34+ 
CI: 0.82 
RI: 0.86 

Figure 15 



Figure 16. Figure 6 of Wiggins (1998). Ring, spiral and irregular shapes an placed above the 

taxa exhibiting these case types. 



Length: 36+ 
CI: 0.78 
RI: 0.82 

Figure 16 



Figure 17. One of the two equally parsimonious trees from a reanaiysis of data in Wiggins 

(1998). The data set was pruned to include only the Nearctic phryganeid taxa studied 

behaviourally. Ring, spiral and irregular shapes are placed above the taxa exhibiting these case 

types. Al1 character States are optimized; numbers correspond to character numben in Wiggins 

(1998). An asterisk (*) denotes an unreversed synapotypy. 



Length: 16+ 
CI: 0.88 
RI: 0.86 

Figure 17 
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support this node. The mes are 16 steps in length with CI 0.88 and Eü 0.87. Removing taxa did 

not affect the topology of trees. 

Based on Figure 17, larval case structure (Table 11, character 6) proceeded from an 

irreplar case (e.g., Fig. 13a). to a spiral case with both edges attached (e-g., Fig. 13b), to a ring 

case (e.g., Fig. 13d). An autapotypic spiraling case with trailing edges (e.g.. Fig. 13c) is found in 

Fabria. This pattern holds even when the larval case building character is removed from the 

data rnatrix. 

Cornparison with morphological phylogeny 

The morphological and behavioural hypotheses of evolution are markedly different, but 

there are really only two major differences. The first is the placement of Beothukus as the sister- 

group of Agrypnia + Phryganea based on behavioural information, as opposed to its placement 

as the sister-group of Oiigostomis + Ptilostornis in the morphological analysis. The second is 

the placement of Phryganea as either basal of (Agrypnia + (Banksiola + (Oligostomis + 

Ptilostomis))) based on morphological data, or as the sister-group of Agrypnia based on 

behavioural data. 

Combined phylogeny 

The larval case building behaviour character (morphological character 2) was deleted 

from the combined anaiysis and replaced with the 10 behavioural characters elucidated from my 

analysis of case-building behaviour. The combined datasei produced a single most parsimonious 

tree with length 29, CI 0.79 and RI 0.71 (Fig. 18). The monophyly of Agrypnia + Phryganea is 

supported by two unreversed synapotypies as is the monophyly of Banksiola + Fabrïa. The 

monophyly of these two clades ((Agrypnia + Phryganea) + (Bonksiola + Fabria)) is supported 

by one unreversed synapotypy. Oligostomis and Ptilostomis are resolved as monophyletic based 

on one synapotypy and the monophyly of (Beothukus + (Oligostomis + Ptilostomis) is supported 

by two umversed synapotypies. 



Figure 18. One equally parsimonious tree from a combined reanalysis of behavioural data 

(Table 12) and the pruned morphological dataset (Wiggins 1998; Table I l ) .  Ring, spiral and 

irregular shapes are placed above the taxa exhibiting these case types. AL1 character states are 

optimized. Morphological character states an indicated with a 'm' and the numben comspond 

to character numbsn in Wiggins (1998). Behavioural character states are indicated with a 'b'. 

An astensk (*) denotes an unreversed synapotypy. 



Length: 29 
CI: 0.79 

RI: 0.7 1 

Figure 18 
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This phylogeny resolves the four spiral-building taxa and the three ring-building taxa as 

monophyletic. According to this hypothesis, ring-building and spiral-building evolved 

independently from an irregular case-building ancestor. 

3 *J 04.5 Discussion 

Phylogeny of the Phryganeidae 

My reanalysis of al1 phryganeid taxa in Wiggins (1998) produces 28 mes that are at least 

rwo steps shorter than his preferred phylogeny. Wiggins left Phryganea unresolved in his 

preferred phylogeny, acknowledging that this is a departure from his parsimony analysis which 

placed Phryganea as the sister-group of (Fabria + (Agrypnetes + Agrypnia) + (Banksiola + 
Oligotricha)). He states that certain morphological similarities between Phryganea and 

Beothukus lead to conflicting interpretations of relationships. Wiggins (1998) left Phryganea 

unresolved to reflect this conflict. The behavioural analysis produced a markedly different 

topology of phryganeid relationships than suggested by morphological characien. The main 

difference is the placement of Beothukus as the sister-group of Agrypnia + Phryganea, thus 

resolving this ring-builder within a clade of spiral building genera. Wiggins (1998) found 

sufficient morphological similarities between Beothukus and Phryganea to choose a slightly 

longer tree which left Phryganea unresolved. Thus the behavioural resolution of Beothukus 

among the spiral-builden may not be unreasonable. 

The combined phylogeny (Fig. 18) is essentially a 'compromise' between the 

morphological and behavioural phy logenies. The main di fferences between the independent 

hypotheses, as discussed in the Results. concems the placement of Beothukus and Phryganea. 

The combined phylogeny resolves Beothukus as the sister-group of (Oligostomis + Ptilustomis) 

as suggested by the rnorphological phylogeny, and resolves Phrygonea as the sister-group of 

Agrypnia, as suggested by the behavioural phylogeny. Producing the combined topology with 

either the independent morphological or behavioural data sets adds only 2 steps to their 

respective phylogenies. 
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The monophyly of Agrypnia + Phryganes is supported by two unreversed behavioural 

synapotypies, one of which deserves further discussion. The 'guy line' (3(L)) is a complex set of 

movements executed in an identical manner by both Agrypnia and Phryganeta larvae. A guy line 

was not produced by any other phryganeid. nor any of the other 32 trichopteran genera observed. 

It seems probable that this complex set of behaviours evolved once in the cornmon ancestor of 

Agrypnia + Phryganea. 

The combined phy logeny supports both monophyletic ring-bui Mers and monoph y letic 

spiral-builders evolving from an irregular case-building ancestor. Interestingly, however, 

support for these two groups cornes predorninantly from morphological rather chan behavioural 

information. The only behaviour supporting either of these two groups is character state b l ( l )  

(larvae able to move with temporary case). which supports the monophyly of spiral case- 

builders. Most portable case-building caddisfly larvae move with their temporary case (section 

3.1.2: character 4), therefore. this character state is homoplasious within the Integripalpia and 

does not constitute evidence of monophyly. This character could not be coded for Beorhukus, a 

ring builder, because larvae were unable to entirely rebuild their case. Although ring-builders 

are resolved as monophyletic, there are no behavioural characten supporting this clade. and 

more imponantly, ring-building is performed in a different manner by Beothukiis lmae  chan by 

Ptilostornis and Oligostomis larvae, as discussed below. Thus. although the combined 

phylogeny resolves each of the two groups as monophyletic, one cannot assume that there are 

characteristic 'ring-building' and 'spiral-building' behaviours. 

Ring vs. spiral cases? 

Wiggins ( 19%) used one 'behavioural* character in his predorninantly morphological 

analysis. Phryganeid genera were coded as either imgular case builden, ring builders or spiral 

builden with Fabria having a spiral case with trailing edges. For this character to accurately 

represent how lamae build their cases, the behavioural phy logeny would have monophy letic ring 

buildea and monophyletic spiral builders. However, Beothukus (a ring building genus) is 

resolved within the spiral builders (Fig. 14). Beothukus larvae do not build tbeir ring-shaped 
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cases in the same way as Ptilostomis and Oligostomis. Beothukus builds the rings of its case by 

adding pieces of vanous lengths to the anterior margin of the case. Once an entire ring is 

completed, the larva cuts the leading edges of al1 pieces to the same length. Ptilostomis and 

Oligostomis cut pieces to the appropriate size and do not alter a piece once it is attached to the 

anterior margin of the case. Although the end nsult is a ring shaped case, these larvae do not 

constnict the ring in a similar fashion. Accordingly. it is questionable whether ring cases in the 

Phryganeidae are homolo~ous. 

Wiggins (1998) also assurned that spiral-case building larvae place pieces side-by-side to 

produce the spiral structure. which may seem like a reasonable assumption. However, a snidy of 

building behaviour indicates that Agrypnia. Phryganea. Banksiola, Fabria (the four spiral 

building taxa) and Beothukus larvae place most pieces side-by-side, but on each ring or spiral 

place at least one piece in an area of the anterior margin where it is not neighboured by another 

piece (7(1)). This indicates that it is not possible to reliably determine the how an animal builds 

from studying only the end-product. 

Reducing the complex process of larval case building to one character resulu in a loss of 

information. Ten characters were discovered from a behavioural analysis. none of which are 

visible in the end-product, yet they are al1 important for understanding how cases are built. 

More imponantly, however. the coding of case building behaviour by Wiggins (1998) is an 

inaccurate representation of the actual method of case building in the Phryganeidae. 

3.1.4.6  conclusion^ 

The combined analysis of behavioural and morphological data pmduces a single most 

parsimonious tree (Fig. 18) that resolves both ring case-building genera and spiral case-building 

genera as monophyletic. Morphological traits are prirnarily responsible for the monophy ly of 

these two clades. No specific 'ring-building' behavioun wen found and the only 'spiral- 

building' synapotypy was the ability of larvae to move with their temporary cases, which does 

not seem essential for the building of a spiral-shaped case. 
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My analysis of phryganeid case building indicates that Wiggins coding of his character 

"larval case-making behaviour" does not accuraiely represent how phryganeid larvae build their 

cases. Additionally. valuable information is lost when a complex behaviour is reduced to one 

character. Assumptions about how larvae build particular case types based on end-product 

information is shown to be deficient. Phylogenies based on such codings must be viewed with 

caution. 



3.2 UNDERSTANDING BEHAVIOURAL EVOLUTION 

3.2.1 CaddMly case building evolution 

A long-standing problem in Trichoptera systematics is how the remarkable array of case 

types evolved. Three possible scenarios of case building evolution have been advanced by 

caddisfly specialists; that the ancestral lama was: (1) free-living with construction of a pupal 

case (Wiggins 1984; Wiggins and Wichard 1989; Frania and Wiggins 1997), (2) a retreat-builder 

with construction of a separate pupd case (Ross 1964) or (3) a portable case builder (Hanna 

1960; Weaver and Morse 1986). These latter pupate within their case. 

Hama (1960) hypothesized that case building evolved from a burrowing habit. He 

proposed that larvae attaching sand grains together while burrowing into the sand is less evolved 

than other temporary case building methods (i.e.. constructing variously shaped belts while on 

the substratum). This hypothetical ancestral caddisfly lama might then have corne to the surface 

because of lack of food or oxygen and built a fixed ~ n n d  to protect it from predaton. The larva 

would then have built the flooring of the tunnel and separated the case from the substratum to 

form a portable case. Hanna (1960) thus concluded that portable cases were the ancestral case 

type. Weaver and Morse (1986) expanded on this hypothesis outlining ten steps of evolution of 

case building based on the phylogeny of Weaver (1984) (Fig. 4b) and using the Lepidoptera as 

the sister-group of the Trichoptera. The larva of ancestral Lepidoptera did not make any silk 

covering before pupation, living exposed on, or protected in, its host plant tissue (l), whereas the 

humus and detritus dwelling caddisfly larva supported a long stationary hyporheic tube with silk 

to avoid collapse (2). This structure was severed from the substrate, thus creating a portable case 

(3) (Integripalpia). In the Annulipalpia sensu Weaver (1984) (Cuwipalpia + Spicipalpia) 

lineage, fixed tubes were extended out ont0 rxposed surfaces (4). Curvipalpian (Annulipalpia S. 

str.) ancestors oriented the front end of their retreat into the Stream current to capture dnHing 

seston (5). The Spicipalpia abandoned theu ntreats altogether to become free-living foragers 

(6). The ancestor of rhyacophiiids became pndatory (7), whereas the ancestor of giossosomatids 

and hydroptilids covered themselves with a precocial pupal case (8). The Hydroptiliâae built 

cases having two sheets of silk with lateral marginal seams and openings at both ends ai the 
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beginning of their last larval instar (9). Glossosomatids constnicted cases in al1 larval instar 

having a flat ventral surface and a dome-shaped dorsal surface (10). 

Based on larval morphology, Ross (1964) hypothesized that either net-spinnea 

(Annulipalpia) or free-living forms (Rhyacophilidae and Hydrobiosidae) are the ancestral 

caddisflies. He suggested that saddle-case makers (Glossosomatidae) evolved later, followed by 

purse-case makers (Hydroptilidae) and findly, tube-case makers (Integripalpia) (Fig. 4c). He 

acknowledgd that "small structural details of the adults strongly suggest that [other caddisflies 

may have evolved from] the free-living caddisflies, the family Rhyacophilidae, rather than from 

the net makers, as indicated in the family tree (Ross 1964: fig 6)". To determine the pattern of 

case-building behaviour in the Trichoptera, Ross (1964) initially descnbed the timing and details 

of l a n d  lepidopteran tunnel construction, feeding, wandering and pupal cocoon building. He 

then compared various caddisflies to this lepidopteran plan. Ross concluded thai net-makers are 

the most similar to the lepidopteran plan and thus are the most ancestral. In Ross's hypothesis, 

free-living forms lost an open larval tunnel (using silken strands only to move) and los( the 

middle cocoon layer. In glossosomatids there was a change in timing of some behavioua, and 

the open tunnel was lost. Hydroptilids had the identicai pattem as glossosomatids, except that 

the onset of case building was shifted from the fint instar to the beginning of the last larval 

instar. In the tube-case makers, the pattern was similar to that of glossosomatids and 

hydroptilids with only small behavioural differences, such as the change of case shape and the 

enlargement of the case as the larvae grow. 

The theory that caddisflies evolved from a free-iiving ancestor was advanced by Wiggins 

(1984), Wiggins and Wichard (1989) and Frania and Wiggins (1997). Because the pupae of 

rhyacophilids, hydrobiosids and glossosomatids al1 have ovoid closed cocoons of leathery silk 

similar to lepidopteran pupae, Wiggins and Wichard (1989) inferred that these three families are 

the most ancestral. The larvae of these families inhabit cool lotic water (Wiggins and Wichard 

1989; Molles 1984) suggesting that permeable cocoons with openings, found in al1 other 

caddisflies, enhanced the efficiency of respiration and enabled crichopterans to secondarily 

invade other habitats. These authors hypothesized that the ancestral lama was free-living and 
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constructed a dome-shaped pupal shelter at the end of the last larval instar. According to this 

hypothesis, the onset of dome building shifted to the first laival instar in glossosomatids and to 

the beginning of the last instar larvae in hydroptilids. Although not supported by either 

morphological cladogram of Frania and Wiggins (1997) (Figs. 5% 5b). they stated that a silken 

tube built during the f i t  instar (reinforced with various materials) is a behaviourai synapotypy 

for the Annulipalpia + integripaipia (Frania and Wiggins 1997: fig 29). The fixed retreats of 

annulipalpians were hypothesized to be the plesiotypic condition because their larvae build a 

dome-shaped pupai shelter similar to those of spicipalpians. Betten (1934) and Nielsen (1948) 

both suggested that caddisfly larval cases may have evolved from a pupal case, indicating bat 

portable larval cases are an ontogenetic shift  of pupal building to some point earlier in larval life. 

They did not distinguish arnong portable cases builders (Le., glossosomatids, hydroptilids or 

integripalpians) nor did they describe the evolution of fixed retreats in annulipalpians. 

The hypotheses outlined above are markedly varied and each has been cnticized. Ross 

( 1964) asserts that portable cases (including glossosomatids, hydroptilids and integripaipians) 

evolved only once, whereas Frania and Wiggins (1997) and Weaver and Morse (1986) conclude 

that tube cases are different from purse- and saddle-case building behaviour. Ross (1 964) and 

Frania and Wiggins (1997) assert that integripalpians are highly denved, whereas Weaver and 

Morse ( 1986) conclude that they are ancestral. 

The difficulty in coming to a clear consensus about the evolution of case building is 

likely due to the controversy about basal inchopteran relationships (see section 3.1.1). It is 

fascinating, however, that with ail the interest in the evolution of case building, that the study of 

case building behaviour has rarely k e n  undertaken as a means to further understand this issue. 

Locomotory information conceming how caddisflies build their cases, and a well supported 

phylogeny, are required to choose arnong existing hypotheses or to advance an entirely new 

theory of the evolution of case building. 

In this chapter 1 will(1) infer the evolution of larval case building from the phylogeny in 

section 3.1.1 and (2) use details of caddisfly case building behaviour as an indicator of plausible 

case building evolution. 



3.2.1 * 1 UIfemcase b ~ l ~ ~  . . 
e on From the w n v  

The evolution of larval case building can be inferred from the phylogeny in section 3.1.1 

(Fig. 5). Frania and Wiggins (1997) produced a cladogram with identical basal relationships but 

their assessrnent of case building evolution (Le., that portable case building evolved at least 

twice), was not the most parsimonious explanation of their data. In section 3.1.1 rhyacophilids 

w e n  chosen as the ancestral mon, thus suggesting that the groundplan trichopteran had a free- 

living lawa that built a case just prior to pupation. If this assumption is correct, then case 

building evolution progressed from a pupal case building ancesior to two independently derived 

lineages, one building portable cases that are closed off for pupation and an other building fixed 

retreats and that build a separate pupal case. If the assumed groundplan is incorrect, the 

phylogeny supports the monophyly of al1 portable case builders and the monophyly of aU f i e d  

retreat builders. Thus, instead of portable case building evolving twice independently, it seems 

that this complex suite of behaviours evolved in the common ancestor of (glossosomatids 

(hydroptilids + integripalpians)), as suggested by Ross (1 964) and Ivanov ( 1997). 

Weaver and Morse (1986) state that a "detailed study of tubeîase making behaviour will 

likely prove it to be fundarnentally different from saddle and purse-case making". However, the 

detailed analysis of building behaviour does not substantiate their claim. Case building 

behaviour in the Integripalpia (tube-cases), the Glossosomatidae (saddle-cases) and the 

Hydroptilidae (purse-cases) (McAuliffe 1982) are not markedly different (this thesis; Hanse11 

1968a,b,c,d). There are three convincing synapotypies indicating that portable case building 

evolved only once. First, and perhaps most importantly, is the innovation of building a case 

without reliance on the substrate. Rhyacophilids (pupal-case building) and a.U Annulipalpians 

(larvai and pupal case building) must h s t  locate a stom or othtr solid substratum which 

typically becomes the ventral portion of the retreat as pieces are added. The reliaace on the 

substrate prohibits larvae fiom being mobile with their case. AU portable builders initiate 
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building by connecting a number of small pieces in a belt around their abdomen. This innovation 

allows larvae to be mobile while remaining protected by their case. More specifically, al1 

portable builders construct an initial belt around the abdomen in a similar manner. This ability 

to construct an initial belt around the abdomen is convincing evidence of common ancesuy. 

Second. al1 portable case builders add pieces only to the anterior margin of the initial belt, thus 

building the case in one direction (from the future posterior end, to the future anterior end). 

Annulipalpian lmal  ntreats an not built lincviy from posterior to anterior; pieces (or silk) are 

added to the middle or ends of the new case throughout larval retreat building. Third, al1 

portable-case building larvae that were observed rebuilding their cases. quickly built a temporary 

case surrounding themselves before initiating the slower and more meticulous process of 

permanent-case building. Al1 three of these complex behaviours are performed in a similar 

manner by al1 portable-case building taxa, suggesting that portable-case building evolved in the 

common ancestor of (glossosornatids (hydroptilids + integripalpians)). 

Annulipalpian larvae require immobile substrata for fixed-retreat building. They build 

their cases in a non-linear fashion without constructing a temporary case. These larval 

behaviours are unique to annulipalpians, indicating that the common ancestor of this suborder 

evolved the ability to build fixed retreats during their l a n d  life. Because annulipalpian larvae 

abandon their larval fixed retreat and conswct an entirely new dome-shaped pupal case, the 

construction of a fixed retreat likely represents an independent evolutionary event. The detailed 

behaviour of pupal-retreat building in rhyacophilids and annulipalpians has not been observed or 

described. Such information might reveal whether pupal-retreat building is homologous among 

the Rhyacophilidae and Annulipalpia. Portable-case building larvae attach their cases to the 

substrate ût the end of the last lamal instar in preparation for pupation. Information about pupal- 

case building in rhyacophilids and annulipalpians may also reveal whether portable case building 

represents an ontogenetic shift of pupal case building behaviour, or whether portable case 

building evolved independentîy with concomitant loss of pupal-case building. 
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There is no behavioural or phylogenetic evidence to suppon the monophyly of the 

(Annulipalpia + Integripalpia). contrary to the hypothesis of Frania and Wiggins (1997: fig 29). 

The tube shaped lasval case. the putative synapotypy of these two groups, is not consinicted in a 

sirnilar rnanner. Additionally. there is no behavioural or phylogenetic evidence to support the 

hypothesis that the portable cases of glossosomatids, hydroptilids and integripalpians are 

fundamentally different (Frania and Wiggins 1997; Weaver and Morse 1986). Based on 

morphological and behavioural information (Fig. 5). the (glossosomatids (hydroptilids + 
integnpalpians)) comprise a monophyletic group, as suggested by Ross (1964) and Ivanov 

(1997). The common ancestor of these three taxa constructed a belt of small pieces around the 

abdomen, added pieces to the anterior margin of this belt, initially constnicting a temporary case. 

Fixed l a r d  retreats of the Annulipalpia represent a separate evolutionary event. Such retreats 

are constructed by adding pieces to the substratum in a non-linear fashion. Although 

rhyacophilids and most annulipalpians construct pupal cases that are similar in appearance, 

descriptions of pupal case building are required to determine whether or not they are constructed 

in a similar fashion. 

With some questions remaining about the correct ancestral case condition, it is not 

possible to state unequivocally the entire pattern of the evolution of case building. However. this 

analysis excludes theories that assume that portable case building evolved twice independently. 

Additionally, this anaiysis indicates the potential of using locomotory information to increase the 

undentanding of behavioural evolution. 



3.3 GENERAL MACROEVOLUTIONARY ISSUES 

3.3.1 Building behaviours as theoretical and practical analogues to development for 

addressing macroevolutionary questions 

3.3.1.1 Introdu- 

Determining the connection between ontogeny and phylogeny is a major theme in 

biology. Although studies of ontogenetic trajectories (quantification of size and shape change 

through development) are quite common, analyses of the processes that lead to particular 

developmental transformations are relatively rare (Hufford 1996; Guralnick and Lindberg 1999). 

However. many macroevo lutionary issues would benefit from the know ledge of developmental 

processes. For example, homology and homoplasy of developmental processes could be 

compared CO homology and homoplasy in the resultant structures to determine the congruence 

between developmental processes and the structures produced (Nelson 1994; Guralnick and 

Lindberg. 1999). The concept of homoplasy might be refined by indicating subtle 

developrnental differences in seemingly similar structures (Baternan 1996; Endress 1996). 

Adaptation could be funher investigated by comparing changes in developmental processes to 

changes in habitat, (e.g., Wake 1991; Bateman 1996) and diversity could be funher understood 

by determining what developmental processes likely cause diversification (e.g., Hufford 1996). 

Although there are benefits of studying developmental processes directly, researchers 

acknowledge that it is difficult to document al1 the developmental processes involved in the 

production of a complex structure. To use information about developmental processes to 

address macroevolutionary issues, these processes must be described for many taxa, making the 

task that much more difficult (Guralnick and Lindberg 1999). As such. developmental processes 

have rrrely been studied directly (Hufford 1996; Guralnick and Lindberg 1999) and thus, it may 

be some time before developmental information is broadly used to address macroevolutionary 

issues. 

1 propose that a novel approach be taken; use building behavioun as analogues to 

developmental processes to gain insight on macroevolutionary issues. The process of an 

individual(s) building a structure is similu to developmental processes (which produce 



139 

morphological features) in that both are hierarchical, complex and constrained processes that 

produce a structure. The difference is that it is relatively easy to observe the details of the 

building process. as well as track the production of the structure. 

In this chapter 1 discuss the similarities between building behaviours and development to 

justify the analogy and discuss two macroevolutionary issues addressable using locomotory 

building behaviour information. 

3 1.2 Simbrities be . . . . tween buildin~ behaviour and develo~men[ 

Smith (1983) defines development as the succession of qualitatively different kinds of 

processes arranged hierarchically such that the product of one processes is the starting point for 

the next. Arthur (1988) expands this into the "morphogenetic tree" hypothesis, where the 

product of one process is  actually the starting point for many processes and therefore not linear. 

but more tree-like. For example. developmental process A is required before processes B. C and 

D can occur. A is earlier in the developmental sequence and its activation leads to more than 

one future developmental process. These hypotheses lead to certain expectations of development 

processes. 

von Baer's (1928 in Panchen 1994) four laws of ontogeny and evolution and Wimsatt's 

( 1986) eight features of generative entrenchrnent state the expectations of developrnent (although 

the theory of the "morphogenetic tree" was not advanced until Arthur (1988)). The main themes 

of these assessments of development are that: (1) the embryo of a higher animal is never like the 

adult of a lower animal, but only like its embryo (von Baer's law 4) and (2) features expressed 

earlier in development are phylogenetically older and more widely distributed taxonomically 

(Wimsatt's features 3 and 4). 

If the first theme of development is extrapolated to how animals build, the initial 

structure built by a higher animal would never k like the completed structure of a lower animal. 

but only like its initial structure. Building behavioun follow this pattern. At the completion of 

temporary case building (the initial case structure) caddistly cases are difficult to distinguish 

from one another. For example. Heteroplectron (Appendix A: Calarnoceratidae) larvae build a 
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temporary-case of mineral or organic material arranged in a basic tube-like structure around 

itself. It builds its permanent case by boring a hole through a twig. The temporary case 

structure in Heteroplectron is difficult to distinguish from many other caddisfly temporary cases, 

but its permanent case is distinctive. In no instance is the final case structure of a caddisfly larva 

like the temporaiy case of another larva. In black flies, al1 larvae spin the framework for the 

cocoon in the fiat spinning stage (Stuart and Hunter 1995). It would be nearly impossible to 

distinguish black flies by studying the cocoon structure at the completion of this stage. As with 

caddisflies, there is no instance where a completed cocoon of a black fly lama is similar in 

appearance to the initial structure of another black fly. In wasps, Downing and Jeanne (1987) 

noted that the two species studied built similar structures by following similar initial steps of 

building (surface preparation, petiole, flat sheet and fint cell). After the completion of these 

steps the building behaviours and hence the appearance of the structure, diverged. Once again, 

the initial structures are similar and the completed structures are neither similar to each other, 

nor similar to the initiai structure of the other taxon. 

If the second developmental theme holds. one would expect to find behaviours performed 

early in a behavioural sequence to be shared at a deeper phylogenetic level and be mon widely 

distributed taxonomically. Caddisfly case building characters follow this pattern; those 

behavioun occurring early in the behavioural sequence are most applicable to the resolution of 

basal trichopteran nodes. The initiation of building detennines whether a larva does or does not 

require the substrate for building (Section 3.1.1: character 1). The placement of the first few 

pieces dictaie both the direction of building (Section 3.1.1: character 2) and the presence or 

absence of a temporary case (Section 3.1.1: character 3). The method of silking a new piece 

ont0 the case (Section 3.1.1: character 4) occun on each pieces aitached to the case. Thus dl 

four characters used to resolve the basal trichopteran nodes relate to behavioural units early in 

the building sequence. This pattern also holds in the black fly cocoon-spinning phylogeny of 

Stuart and Hunter (1998). In this study, the characters valuable for distinguishing among genera 

were: the method of building the first stage and the presence or absence of subsequent spinning 

stages. The details of spinning within a given stage produced characters that determined 
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relationships arnong species within a genus. Slikas (1998) performed a phylogenetic analysis of 

courtship displays in storks (Aves: Ciconiiformes: Ciconiidae) and discovered that the displays 

occurring earlier were uniform across species and consistent with phylogeny. She found that 

homoplasious behaviours were more likely to occur late in the counship or nesting sequence or 

those not associated with courtship or reproductive behaviours. As with development. building 

behaviours are hierarchical in nature and follow the general expectations of biogenetic laws 

(Weislo 1989; Wenzel 1993). For example, Wenzel (1993) documented the structure of wasp 

nests at different times during the sequence of building behaviours. He was able to associate 

some of the variation in building behaviours to developmental processes such as. terminal 

additions (addition of a new behavioural step at the end of the behavioural sequence), non- 

terminal deletions (deletion of an existing behaviour from the middle of the behavioural 

sequence) and acceleration (increased rate of a particular behavioural step). In other words, the 

products of building behaviours can be studied in a similar manner to the producrs of 

development. 

Because development is hierarchical. features expressed earlier in developrnent have a 

greater number of downstrearn features dependent on them. Thus, earlier features are more 

constrained because mutations occurring in early stages are more likely to have greater 

deleterious effects (Smith 1983; Wimsatt 1986; Arthur 1988; Weislo 1989; McShea 1996). 

Building behaviour is sirnilady hierarchical and are therefore under sirnilar constraints (Weislo 

1989; Wenzel 1993). Features built early have a greater probability of being required for the 

building of later structures and thus a greater number of downstream behavioun dependent upon 

them. For example. the initial structure of the black fly cocoon is a necessary step prior to the 

lama proceeding to any other stage of building (Stuart and Hunier 1995). If a lama is disrupted 

during the building process it will reinitiate building from the initial stage; if the lawa has an 

insufficient arnount of silk to constnict its cocoon, it will be unable to build and will eventually 

die (A.E. Stuart, pers. obs.). Al1 five subsequent stages are contingent upon the successful 

completion of this fmt stage. 
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Both functional and constructional constraints also influence whether a novel 

developmental step will be successfully added to an existing developmental process (Hufford 

1996). Most additions are functionaliy constrained because initially the novel step is non- 

functional and the evolutionary success of an individual with a non-hinctional state rnay be low. 

Constructional constraints are placed on the system because there are a limited number of 

developmental avenues through which a novel state can be produced. These constraints may 

tend to force ontogenetic evolution dong a relatively limited number of avenues (Hufford 1996). 

Additions to a building program dso have both functional and constmctional constraints. Most 

building behaviours produce structures that have important functions (e.g., food capture, 

protection from predators, rearing young and courtship rituals) and therefore, these behaviours 

are under sorne hinctional constraints. if a new structure is added to the existing one, the present 

function may be disrupted or rnodified. Constructional constraints occur because the morphology 

of the animai limits how an animal builds a structure. For example, caddisflies use silk to attach 

pieces of material together which limits the way pieces can be attached to the case. In black 

flies, the posterior end of a Iarva is fixed to the substrate while the lama spins its cocoon and 

therefore the size of the cocoon is limited by the size of the individual. 

Summary of the similarities between building behaviour and development 

Development and building behaviours are both hierarchical, constrained and complex 

processes that nsult in a visible structure. In the study of development, trajectories (descriptions 

of shape and size changes through development) are typically constructed and then equated with 

developmental processes. This information, however, cannot be considered the process that 

produces novel morphologies. but rather the outcornes of the changes of their associated 

mechanisms (Gurainick and Lindberg 1999). Similarly, speciQing structural changes through 

the course of building does not detail the behavioural processes. To understand the mechanisrns 

behind developmental or building processes, one must k able to describe how the development 

is pmceeding, or how the structure is king built. 
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The major difference between development and building behaviours is the ability to 

understand the mechanisms of how a structure is produced; the process of development is 

relatively difficult to study for many taxa (Hufford 1996; Guralnick and Lindberg 1999). 

whereas information about the process of building is relatively easy to gather. Because building 

behaviours are analogous to the development of morphoiogical structures, macroevolutionary 

issues such as homology and homoplasy, adaptation and diversity that would benefit from 

understanding the details of developmental processes would benefit equally from an 

understanding of the details of building behavioural processes. This makes building behaviours 

an ideal, yet relatively untapped, source of information for addressing broader 

macroevolutionary issues. 

3.3.1.3 Analyis of b u i l d u  
. . behaviours to addnss e v o l u t i - y  

As previously discussed. the information gained from understanding ontogenetic 

evolution can be used to address issues of divenity (Hufford 1996). adaptation (Wake 1991; 

Bateman 1996). homology and homoplasy (Endress 1996; Guralnick and Lindberg 1999). and 

the congruence between mechanisms and their associated phenotypes (Nelson 1994; Guralnick 

and Lindberg 1999). Following the logic presented above, information gained h m  

understanding the evolution of building behaviours cm be used to address the same issues. Here 

I focus on the latter two issues in detail, using information about how animais build a structure to 

discuss issues of homoplasy and to determine the congruence between the details of behaviour 

and the stmcnire produced. 

Homoplasy 

Most would now agree that homoplasy is discovered a posteriori from a phylogenetic 

hypothesis. However, the implication of homoplasy can be quite different depending on the 

question at hand. To a systematist, homoplasy is charmer conflict in a cladogram (Doyle 1996). 

Thus, homoplasies are errors that confound the construction of phylogenetic hypotheses 

(Ambruster 1996). The goal of a systematist is to reduce homoplasy in order to produce the 
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most accurate phylogeny possible (Doyle 1996; Annbmster 1996). Others view homoplasy as 

the appearance of "sameness" that results from independent evolution (Wake 1996). These traits 

are embraced as focal points to study adaptation witb the goal of understanding why two or more 

similar features have converged in evolutionary time (Huntingford et al. 1994). Therefore. 

depending on the question of interest. the vicw of homoplasy differs. These two research 

programs (for convenience referred to as 'systematics' and 'adaptation') are discussed below 

with an emphasis on their views of homoplasy and the relevance of this analogy to their 

research. 

Svstematic~ 

Systematists search for characters that provide information about the genealogical history 

of organisms. or homologies. The goal is to reduce homoplasy and find as many homologies as 

possible to produce the best phylogenetic hypothesis. Complex characteristics are typically 

divided into a larger number of characters to provide the greatest resolution of relationships 

(Roth 1991). If this step is done superficially. poor character resolution results and the 

occurrence of homoplasy is almost certainly exaggerated. Some homoplasies are thus errors in 

the n priori assessment of homology and if characters are divided into meaningful units they 

would more likely be phylogenetically informative (Bateman 1996; Endress 1996). For 

example, there may be 10 origins of heterospory in plants, but careful scmtiny identifies 

differences between the modes of heterospory in the different lineages (Bateman 1996). 

Therefore, the a priori assumption that heterospory is homologous is shown to be false and from 

a systematic perspective, the modes of heterospory are the phylogenetically informative units. 

Hufford ( 1996) studied the ontogenetic mechanisms behind the evolution of a particular flower 

morphology and found that rotate corollas evolved in two separate lineages through different 

ontogenetic pathways. From a systematic standpoint the a priori assessment of homology for 

rotate corollas is incorrect and thetefore, this trait should be coded for the different modes of 

development, not the appearance of the structure. 
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To use behaviour in systematic studies, as with morphology, it is essential to divide 

complex behaviours into meaningful units (see section 1.2.2). It is then possible to study 

particular behaviours to determine whether a homoplasious trait is 'vue' homoplasy (building 

behaviour indistinguishable between two distantly related taxa) or 'faise' homoplasy (building 

behaviour distinguishable between two distantly related taxa). 'True' homoplasies should be 

retained but 'false' homoplasies should be recoded. For example, there are three Nearctic 

phryganeid genera whose Iarvae construct ring shaped cases (Section 3.1 A). There was no t i  

priori means to distinguish the ring shaped cases so Wiggins (1998) justifiably considered al1 

ring cases to be homologous. After an analysis of building behaviour. however, it is evident that 

the ring cases are built in a similar fashion for two of the taxa but differently for the third, and 

therefore, the a priori assumption about homology is false. In a phylogenetic analysis of the 

phryganeids, the methods of building the ring-shaped cases should be considered the 

phylogenetically informative units. Similarly. of three species of black flies chat build 'boot- 

shaped' cocoons, two are sister species (Simulium krebsorum and S. dixiense) and the other (S. 

pictipes) is distantly related (Stuart and Hunter 1998). After analyzing the behaviour in detail it 

was discovered that S. krebsorum and S. dixiense build their cocoons in a similar fashion but 

differently from S. pictipes. The trait, 'boot* shaped cocoon, is a 'false' homoplasy and the 

details of how the feaiure is built is more phylogenetically informative than the presence or 

absence of the structure. 

Endress (1996) States that critical developmental studies will reveal subtle differences 

between seemingly similar conditions. which will heip refine the view of homoplasy. Because 

the detailed study of developmental mechanisms are rare and seemingly difficult (Guralnick and 

Lindberg 1999). the view of homoplasy may be more easily refined through a comparison of 

behavioural mechanisms. In studies of building behaviour, one has the option of using 

characteristics of the behavioural process or end-products as the traits for constructing a 

phyiogeny. Thus. direct comparison of details of behaviour to details of end-products cm be 

undertaken. This option is not readiiy available to those snidying morphology and development. 

Generally speaking, only morphological traits are available and their similarity must be 
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considered homologous a priori (= Hennig's Auxiliary Principle). One issue that can be 

addressed with building behavioural information is the occurrence of incorrect a prion 

assessrnent of homology in behavioural studies which may indicate the rate of occurrence of ihis 

phenomena in morphological studies. 

The prevalence of 'false' homoplasy should be of interest to systematists who rely on 

morphoiogical characters. Morphological feanins an one of the main sources of phylogenetic 

information, but the structures are the result of cornplex developmental sysiems. It is possible to 

have two similar morphological features produced with different developmental pathways or two 

different features produced by similar pathways (Donoghue 1992). Hall (1994) states that 

commonality of development cannot be used as a mandatory criterion of homology. One 

example he uses is that of tail length in salamanders. If tail length in some salamanders has 

increased by the addition of vertebrae whereas others have enlarged existing venebrae, are the 

tails not homologous because diffenng processes brought them to be (Hall 1994)? There is no 

reason to think based on this information that the tails are not homologous, only that tail 

lengthening is not homologous. If a phylogeny of the salamanders was reconstructed and one 

character was 'tail elongation' with states, absent and present, this character would almost 

cenainly be interpreted as a homoplasy. A more appropriate coding for the character, based on 

knowledge of developmental mechanisms, would be to use the states, absent, preseni by addition 

of vertebrae, present by extension of existing vertebrae. Homoplasy may still result, but the 

character is divided into the best a priori evolutionary units possible. 

It would be informative to know how often similar morphological features are produced 

following different ontogenetic patterns, or how often seemingly different rnorphological 

structures are produced with almost identical ontogenetic mechanisrns. By performing studies of 

various building behaviours it is possible to determine how often homoplasious end-products are 

the result of indistinguishable ('true' homoplasy) or distinguishable ('false' hornoplasy) 

behavioural patterns. The study of building behaviour also allows for a priori tests of end- 

product homology. Because morphological features and behavioural end-products are 
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analogous, this information can be extrapolated to give an idea of how often a priori assessments 

of morphological homology are incorrect. 

r\daDtPtion 
Instead of viewing homoplasy as errors in a priori assessrnent of homology, homoplasy 

cm be viewed as the "iterated acquisition of similarity of any kind in phylogenetic history" 

(Sanderson and Hufford 1996). This removes the restriction that al1 homoplasy must be 

associated with phylogenetic characters, and allows for the study of the origins of the similarities 

(Sandenon and Hufford 1996) and the reasons that similarities evolve (Wake 1996). This 

section is divided into how (origins of similarity) and why (reasons) homoplasy occurs. 

How homoplasy occurs 

Arthur ( 1988) describes three ways that ontogenetic evolution can occur, through ( 1) 

phase shifts; (2) structural change and (3) distortional change. A phase shift alters the processes 

in a given developmental stage without changing the relation of this stage to others in the 

developmentût sequence. Structural changes are the addition of a previously non-existent 

developmental stage or the deletion of an existing developmental stage and distonional changes 

are alterations to the timing of a stage relative to the timing of the other developmental stages. 

These types of changes are also applicable to building behavioun. Black fly cocoon spinning 

exhibits al! three modes (see Stuart and Hunter 1998). The first stage of spiming, the initial 

structure stage, is performed by al1 black fly species studied. At the cornpletion of this stage the 

foundation for the cocoon is present. The initial structure is built by a larva placing strands of 

silk over their dorsal surface either parallel or perpendicular to the longitudinal mis of the larva. 

Therefon, a phase shift must have occurnd. where the mode of consvucting the initial structure 

(either palle1 or perpendicular strands) changed, but the relation of ihis building stage to the 

othea remained the same. Closer analysis of the modes of building boot-shaped cocoons in the 

t h e  black fly species reveals two independent phase shifts. Simulium pictipes buiids the boot 

portion of the cocwa durhg the 'S' cross stage thus revealing a phase shift during this stage, 
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whereas S. krebsorum and S. diriense build the boot during the pull front stage, which also 

required a phase shift. An example of a structurai change is  the addition of entire spinning 

stages in the middle of the cocoon spinning sequence. The ancestral condition is the pnsence of 

three stages (initial structure, 'S' and flip) and the denved conditions have either four (initial 

structure, 'S., back and flip) or six (initial SVuCNre, 'S', back. pull-front, pull and flip) stages. A 

distonional change has occurred in Simulium rivuli with the nduction in the pull-front stage to 

the point that it is almost entirely tliminated from the building process (Stuart and Hunter 1998). 

Just as these three patterns of ontogenetic evolution can be used to describe the 

developmentai changes leading CO novel structures (Guralnick and Lindberg 1999), the same 

patterns cm be used to describe behavioural changes leading to novel end-morphologies as well. 

For example. plesiotypic black fly larvae (Prosimulium. Sregoptema and Cnephia) require a 

crack or corner to build their cocoon, whereas more highly derived larvae (Eusimulium and 

Sirnuiium) can spin their cocoons on alrnost any available surface. This novelty arose from the 

phase shift in the initial structure stage. A surface is required on each lateral side of the larva 

when perpendicular strands are used, however, the use of parallel strands nquires only one 

surface (Stuart and Hunter 1998). The fact that Eusimulium and Simuliurn larvae typically have 

tightly woven. robust cocoons compared to the more plesiotypic genera is  the result of the 

behaviours performed during the additional spinning stages. 

The most common form of homoplasy is believed to be the independent loss of a derived 

condition (Hecht and Edwards 1976). The independent loss of a complex trait in two (or more) 

distantly nlated taxa is assumed to be easier developmenially than the independent gain of an 

equally complex trait (McShea 1996). A behavioural example of this phenornena is the apparent 

convergence in behaviour of isolated populations of thne-spined sticklebacks. Sticklebacks 

have invaded freshwater independently many times from a marine environment and these 

freshwater populations have independently evolved morphological and behavioural similarities 

(Foster et al. 1996). The behavioural similarities among freshwater populations (cannibaiism, 

dorsal pricking or sneaking) were detennined to be losses or decreased frequency of complex 
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behavioun. In no instance was the homoplasy the result of independent additions of a cornplex 

behavioural repertoire. 

The repeated evolution of a homoplasious vait in only one clade, may be the result of the 

capacity for the trait evolving once in the common ancestor of the clade (Saether 1986; Brooks 

1996). This concept, tenned an underlying synapomorphy, is supported by phylogenetic patterns, 

but the process that produces the parallelisms are not yet resolved. It is possible to clarify some 

underlying synapomorphies by studying the associated mechanisms. II a given trait is present in 

many taxa in a clade and the mechanisms that produce this trait is not distinguishable among the 

taxa ('me' homoplasy), then possibly the mechanisms are being turned on and off in members 

of a particular clade. 

The analysis of behaviours allows for both the study of mechanisms of ontogenetic 

evolution (phase shifts. stnicrural changes and distortional changes) as well as the means by 

which homoplasy evolves. 

Why homoplasies evolve 

There is consensus that studies of homoplasy can rcveal reasons why apparently similar 

features evolve independently (Foster 1995; Huntingford et al. 1994; Brooks 1996; Doyle 1996: 

Senderson and Hufford 1996; Wake 1996). Understanding precisely why a similar feature has 

evolved in distantly related taxa is not always easy because the difference between adaptation 

and incidental use is often difficult to distinguish (West-Eberhard 1992). If a trait is adaptive 

there must be evidence that it evolved to improve the function of the trait and that the change 

was due to an increase in fitness to the individuals that possessed the novel trait. A trait is likely 

to be adaptive if it occurs in the same or similar form in a sirnilar environmeni in a number of 

distantly related species (West-Eberhard 1992; Huntingford et al. 1994). The more times the 

same derived feature appears under similar selection pressures, the more likely the selection 

pressure is dnving the evolution of the f e a m  (Brooks 1996). 

One problem in the study of adaptation is understanding when, and thenfore under what 

selective pressures, a trait evolved. If a trait evolved rccently. then the current environmentai 
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conditions might have influenced the evolution of a given trait. However, if the trait evolved 

long ago, then the current conditions are more likely an indicator of the maintenance of the &ait, 

not what originally drove the evolution of the trait (Brooks and McLeman 1991). Having some 

understanding of when. phylogenetically, a trait arose may give some indication about why it 

arose. By optimizing building behaviours on phylogenies, one can determine where divergence 

of building occuned and where aspects of similarity reoccurred. This would ailow one to 

determine with better accuracy the various selective pressures acting on individuals of that 

species at the time the irait evolved. Although possibly insufficient to determine whether a 

given trait is adaptive, this. in combination with other rneans of determining adaptation (see 

West-Eberhard 1992) would increase the power of an adaptationist argument for a given 

charmer. 

Congruence between the details of behaviour and the structure produced 

End-products are beiieved to be advantageous for studying behaviour because they cm be 

collected, stored and studied (Schmidt 1955; Hanse11 1976; 1984; Wenzel 1991). Knerer and 

Atwood (1966) stated "animals that construct nests, webs or larval cases leave a permanent 

record of their sometimes very specific activities that the ethologist can analyze more thoroughly 

than he could the behaviour patterns leading to the completion of the structures". Clayton and 

Harvey ( 1993) concuned: "as the behaviour nsults in a physicai object that can be preserved and 

studied at will, it is possible to infer at least some behavioural information with relative ease." 

Applying these statements to development and morphology implies that. by preserving and 

storing morphological specimens. one could more thoroughly understand the developmental 

processes leading to the structures, or that one could extrapolate developmental information from 

the stored specimens. Details of developmental processes and their associated morphological 

structures however. are no< necessarily congruent. It has long been recognized that "the 

similarity of a series of forms even if the series süucture arises ever so clearly from a separation 

according to charactea. must not be considend as establishing a series of developmental stages" 

(Lorenz 1941). For example. two morphoiogicai structures can be nearly identicai in form but 
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independent developrnental processes. Conversely, two structures may be 

same ancestor but small developmental modifications have led to divergence in 

structure (Donoghue 1993). In other words, homoplasy on one level need not translate into 

homoplasy on another level (Doyle 1996). Given this, it seems likely that the details of building 

behaviour and the their associated end-product structures are also not necessarily congruent. 

Relationshio between end-moducts and behavioq 

Researchers commonly assen that: (1) similarities or differences in end-product structure 

are directly correlated with similarities or differences in the behavioural repertoire of taxa (e.g., 

similar nest structures in two bird species correlates to similarity in nest building behaviour in 

the two species) (e.g., Carpenter 1987; Okazaki 1992; WinWer and Sheldon 1993; Lago-Paiva 

1996); and (2) the information gathered from studying an end-product correlates directly to 

information about how the end-product was built (e.g.. the study of nest structure gives direct 

information about nest building behaviour) (e.g., Setoguchi 1991; Fmth and Hohmann 1994; 

Coster-Longman and Tudlavi  1995). 

If similarities or differences in end-product structure are conelated with sirnilarities or 

differences in the behavioural repertoire of taxa (e.g., similar nest structures in two bird species 

is correlated with similarity in nest building behaviour in the two species) then two predictions 

m u t  always hold: (1 )  similar structures an built with simiiar behavioural repertoires, and (2) 

different structures are built with different behavioural repertoires. Recent studies have refuted 

these predictions by finding both similar structures king  built with different building behaviours 

(black flies. Stuart and Hunter 1998) and different structures being built with similar behavioua 

(wasps, Downing and Jeanne 1987). These two predictions, therefore. do not always apply. 

With information about case building in caddisflies, the correlation c m  be tested hirther. 

S imilar end-produc ts 

The Phryganeidae (section 3.1.4) are a family whose case morphology is similar, with 

larvae of al1 genera building long cylindncal organic cases (Yphria l a m e  use both minerai and 
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organic matenal). A number of behavioural similaritics were observed among phryganeid 

genera, including the method of assessing new pieces, fitting pieces ont0 the case, and methods 

of silking. Thus. similar end-products are built with some similar behavioural patterns. 

Although phryganeid cases are generally similar, Wiggins (1996; 1998) describes thm distinct 

case morphologies in the family. Irregular cases have pieces ananged around the case in no 

particular order. ring cases have pieces placed in discrete rings, and spiral cases have pieces 

piaced in a continuous spirai around the case. The cases in each of these groups appear similar; 

however. not al1 taxa that construct ring cases do so in the same fashion. Beorhukus larvae build 

ring-shaped cases by cutting new pieces of various lengths and adding these pieces around the 

circurnference of the case until completing a ring. The larva then cuts a portion off the anterior 

end of each piece so that al1 pieces in the ring are the same length. Ptiloszomis and Oligostomis 

larvae build ring shaped cases by cutting each piece to an 'ideal' length prior to adding it to the 

case. These larvae do not alter the length of a piece once it is attached to the case. In this 

instance. similar end-products are built differently in closely related taxa. 

Of the 40 genera of caddisflies studied behaviourally in this thesis. four pain of distantly 

related caddisfly taxa had similar case morphology. The case building behaviour of these eight 

taxa was studied in detail, with emphasis on the distinguishing features of the case, to determine 

behavioural simjlarities and differences in building relatively similar case structures. The four 

pairings are as follows: Amiocenfrus (Brachycentridae) and Lepiocerus (Leptoceridae), which 

have silken cases; Neophylar (Uenoidae) and Silo (Goeridae), which have stone cases with large 

lateral ballast Stones; Molanna (Molannidae) and Ceraclea (Leptoceridae). which have stone 

cases with lateral Banges and Trioenodes (Leptoceridae) and Phryganes (Phryganeidae). w hich 

have spiraling organic cases. In each pair, the case building behavioun were markedly diffemt 

and the distinguishing feature of the case was constructed differently in the two taxa. The 

following is a description of how larvae of different genera build the distinguishing feature of 

their case (for more information on the similarities and diffennces in building behaviour among 

these taxa see Appendix B). 
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Le~tocerits (Le~toce versus Amr *ocentrus IBracbvcentridae) (Fip. 19b): S m  

caSeS 

Both these genera build cases either entirely or predorninantiy of silk. however the silk is 

added to the case differently. Leptocerus larvae add silk to the antenor margin using very shon 

lateral head movements with the mandibles on the case margin. The addition of this silk extends 

the margin and thus increases the overall length of the case. Larvae also silk deeper into the 

case, reinforcing the inierior by using a figure 8 movement of the head. The lama Stans the 

reinforcement silking at the margin and draws a strand posteriorly in an 'S' motion. The lama 

moves down into the case approximately 116th of its body length. before moving antenorly and 

completing the figure 8 movement. The lama then rotates approximately 115th of the 

circumference of case margin and repeats the figure 8 movements. Five or six of these 

movements are made before the lama completes the reinforcement silking around the 

circumference of the case. Amiocentrus uses one set of movements to spin onto the margin and 

reinforce the case. Silk is added first to the margin by the lama moving its head a shon distance 

along the margin in one direction and then retuming back to the original location (e.g., point A 

on the anterior margin, to point B then back to point A). It then moves using a 'v' motion from 

the margin (A), deeper into the case and back to the margin (B), moving in the same direction 

and distance as the initial movement along the margin. The larva repeats this pattern of 

movements. slowly rotating around the circumference of the case. continuing until it rotates 

halfway around the circumference of the case. Al1 of these steps are repeated in reverse until the 

lama reaches the initial point of building. The lama silks one half of the case circumference 

repeatedly before building the other half of the anterior margin. Although Leptocerus and 

Amiocentrus larvae both build predominantly silken cases. their larvae use very different 

methods to extend and reinforce their cases. 



Figure 19. Cases of: (a) Leproce rus (Leptoceridae); (b) Amiocenfrus (B rachycentridae), two 

genera that constnict cases entuely or predominantly of silk. 



a 

Figure 19 
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/veo~hvfux (Uenoidae) (F 20bh Stone cases with latual b w  

s(nn.es 

The similar feature between the cases are the lateral ballast stones, however, the Stones 

are attached using different behaviours. Silo pallipes larvae build a new case at each larval 

instar, (Hanse11 1968b; Wiggins 1996) by adding one large ballast stones to each side initially 

and then adding pieces to the dorsal and ventral portions of the case with srnaller stones (cf. fig 1 

in Hanse11 1968b). HanseU (1968b) removed one lateral stone shonly after attachrnent and noted 

that the lama replaced it befon proceeding with the construction of the dorsal or ventral surfaces 

of the case. Neophylax larvae add pieces ont0 the antenor margin of the case during each instar, 

but do not nmove the portion that was previously built. During temporary case building, d l  

stones are of similar size and ail surfaces of the anterior margin are constructed at an equal raie. 

During permanent case building the lama places larger-sized pieces laterally, but as in temporary 

case building, al1 pieces, regardless of size, are attached to the antenor margin at any given time. 

Therefore, the anterior margin is extended at a similar rate on al1 sides. When a large stone is 

added to the lateral margin of the case. additional stones will not be attached to the anterior 

margin of this piece until the rest of the anterior margin is extended anterioriy as far as the lateral 

stone. 

o. 2 1 al versus Ceraclea lLe~tocer 2 1 bk Stone cases w i t b  

l=uhs 
The distinctive feanire of the cases, the presence of the lateral Range, is built differenily 

in Molanna and fiange-building Ceraclea Molanna larvae build the dorsal surface prior to 

building the flange, whenas Ceraclea build both the donal surface and the flange together. The 

dorsal surface and the flanges on wild coilected Molanna cases are extended to the level of the 

substrate. After removal of the anterior portion of the case Molanno larvae spend extended 

periods of time trirnming the damaged anas of the case. Then larvae build the anterodorsal 

surface until it is extended to the level of the substrate. Once the anterodorsal surface is 

completed, the larva begins construction of the flange. The lama rotates in the case such that its 



Figure 20. Cases oE (a) Molanna (Molannidae); (b) Ce racleta (Leptoceridae). two genera that 

construct stone cases with lateral Banges. 



a 

Figure 20 



Figure 2 1. Cases of: (a) Neophylax (Uenoidae); (b) Silo (Goeridae), two genera that constmct 

Stone cases with large lateral ballast Stones. 



Figure 2 1 
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ventral surface is  oriented dorsally. It then bends the anterior portions of its body laterally so 

that its head is perpendicular to the long axis of the case and protnides out of the gap between 

the lateral edge of the anterodorsal margin and the substrate. The lateral margins of the 

anterodorsal extension are now functiondly the anterior margins. Pieces are added to al1 areas 

of both lateral margins until the flange reaches the subsiraie on both sides. Conversely. when the 

anterior portion of Cerucleu cases are removed. larvae attach pieces to the anterior rnargin of 

both the flange and dond surface. Therefon. larvae extend the flange and the dorsal surface 

anteriorly as a unit. 

27.b). S- . . m n o d  e s (Leotoceq&iel ( F i e . ~ a n e a  I P m n e i d a e l  (F 

caSeS 

The distinguishing feature of these cases is the spiraling pattern, and one might expect 

that during permanent case building, pieces are added side-by-side to produce this pattern. 

Triaenodes larvae do, in fact, place pieces side-by-side throughout permanent case building. 

Phrygane0 larvae. on the other hand, place many pieces side-by-side, but always position at least 

one piece per spiral some distance from its nearest neighbour. The lama then retums to add 

pieces beside the initial pieces and continues to build side-by-side, eventually reaching the 

isolated piece. When studying a completed Phryganea case it is not possible to distinguish the 

pieces placed in isolation. 

Surnmary 

The four pain of  taxa (Amiocentrus-lepfocerus; Neophylox-Silo; Molunna-Cerucleu; 

Tnimodes-Phryganea) have similar case morphology. If one is given only the cases to study, 

one might easily conclude that the two taxa in each pair are closely related. However, if given 

only video recordings without a priori knowledge of final case sVucNre, it seems unlikely that 

one would assume close relationships ktween the two taxa in each pair. The= an very few 

sirnilarities in building behaviour among the pairs. and in no pair was the distinguishing case 



Figure 22. Cases of: (a) Triaenodes (Leptoceridae); (b) Phryganes (Phryganeidae), two genera 

that construct organic spiraling cases. 



Figure 22 
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feature built in a similar fashion. Thus, although the end-products appear similar in these 

distantly related taxa, the behavioural repertoin used to built the structures are different. 

From analyses of caddisfly case building, regardless of whether closely related, as with 

the phryganeids, or distantly related, one cannot reliably assume that similar end-product form is 

the result of similar behavioural processes. 

Different end-products 

Throughout the analyses of caddisfly case building behaviours. different case 

morphologies were typically built with different behavioural repertoires. However, in section 

3.1.3 1 investigated the case building behaviour in larvae of eight Nearctic leptocend genera 

which al1 have markedly different case structures. The case morphologies of these genera range 

in fonn h m  delicate spiraling cases of organic material ( Triaenodes and Ylodes). to tubular rock 

cases (Oecetis; Setudes); and from robustly constructed tubes with lateral Ranges (some 

Ceraclea), to organic cases with elongate anterior projections (Mystacides and Nectopsyche). 

Some cases are even composed entirely of silk (Leptocerus and some Ceraclea) (Figs. 8a-g). 

Although these caddisflies possess markedly different case morphologies, the case building 

behavioun are remarkably sirnilar. Four behavioural traits were found in al1 members of the 

Leptoceridae but were absent from al1 other caddisfly genera studied. Al1 leptocerids: (1) hold 

their abdomen in a 'U' shape when evicted from their case, (2) raise pieces off the substrate 

using their mandibles (except Leptocews larvae because no pieces are attached to their case), (3) 

use a figure 8 head motion when silking and (4) hold a piece of mineral or organic matter 

anterior to the case while building. Al1 leptocends and Molanna build preferentially on the 

anterodorsal margin of the case, such t h ,  the anterodoaal margin is extended antenorly farther 

than the lateral or ventral margins of case and al1 leptocerids and Lepidostoma begin permanent 

case building before the temporary case covers their entke body. 

Although morphologically different end-products are typically built with different 

behaviourd repertoires, instances c m  be found where different foms are constmcted following 

similar behavioural patterns. Just as small changes in development can produce markedly 
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di fferent structures (Donoghue 1 W2), small differences in behaviour cm producc markedly 

different structural end-products. Therefore. one cannot assume that divergence in end-product 

fom equates to divergence in behavioural repertoire. 

Summary 

Based on this evidence, similarities or differences of end-product structure in taxa should 

not be used to infer similarities or difference in behaviour of those taxa. The following are four 

examples of behavioural information being infemd from end-products. 

Kitaura et al. (1998) mapped three types of mud-using temtorial behaviour (burrow 

plugging, barricade building and fence building) onto a molecular phylogeny of ocypodid crabs. 

Their analysis indicated chat burrow plugging always evolved prior to barricade building which 

in tum evolved prior to fence building. Also, burrow plugging and barricade building each 

evolved at least 3 times independently. Without information on the behaviour, it is impossible to 

know whether the methods of burrow plugging or barricade building are simiiar in the three 

distantly related groups that share similar end-product structure. Therefore, based on available 

information, it is possible to discuss convergence among structures but not possible to determine 

the evolution the actual building behaviour of these crab species. 

Eberhard ( 1998) constructed a molecular phy logeny of Agapornis parots and mapped 

nest type to determine the evolutionary history of nest building in the genus. She performed a 

very thorough andysis and detennined that lining the nest with materid evolved in the ancestor 

of the genus and domed shaped and cup shaped nests evolved from the nest lining condition. 

This analysis gives a reliable indication about how nest structure evolved, but without 

information about the behaviour, it does not clariw the evolution of nest building behaviour. For 

example, she States that the nest-lining hypothesis proposes that "the construction of a domed 

nest evolved as the nest material initially used to line the nest cavity was used to constnict 

progressively morr complex nests". This hypothesis could be tested with detailed nest building 

information. 
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W inkler and Sheldon ( 1993) mapped nest characteristics of swallows (Hinindinidae) ont0 

a molecular phylogeny and found that nest types were evolutionary conserved because no mode 

of construction (three types of mud nests. cavity adoption and nest excavation) amse more than 

once during the evolution of the group. They hypothesize that cavity adoption and mud-nestea 

evolved independently from nest excavating ancestors. Based on parsimony they acknowledged 

that it was impossible to determine the evolutionary sequence within the three types of rnud 

nesters because the same number of changes would be required no matter which state was 

considered primitive. However, they propose that mud nests evolved from a simple cup. to a 

closed cup with an open mouth, to a closed cup with a closed mouth and tunnel because this 

sequence proceeds from simple to complex. They conclude that this study corroborates recent 

dernonstrations of the utility of behavioural characters in phylogeny reconstruction. However, 

they do not discuss how the nests are made or how the behaviour of nest building evolved. 

Clayton and Harvey (1993) in reviewing the Winkler and Sheldon (1993) paper state that "nest 

building is an excellent candidate for a large-scale phylogenetic analysis, possibly across al1 

birds, thereby unraveling the evolutionary development of a particularly complicated 

behavioural process". Mapping al1 nest related data gives information about the evolution of 

nest structure but not information on the nest building behaviour of the taxa and rhus does not 

reveal the 'evolutionary development' of this complex behaviour. 

Lee et ai. (1996). following the work by Winkler and Sheldon (1993). were interested in 

whether behaviour reflected phylogeny in swiftlets (Aves: Apodidae). They studied features of 

the nest (mode of support, presence of feathers in the wall of the nest, presence of vegetation in 

the nest. proximity of the nests) and noted that these 'behavioun' do not match the molecular 

phylogeny any beiter than would be expected by chance. They concluded that there is a "need 

for caution when using behavioural characters when constmcting a phylogeny". However, the 

attributes studied are not behavioural characters; they are end-product characters without 

information on how the nests were built. They cannot make any claims either for or against the 

use of behaviour in phylogeny construction based on their analysis. They did note that nest 

structure may be environmentally plastic and thus one should be wary of using end-product data 
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in phylogeny reconstruction. However, without documenting some connection between details 

of end-product structure and behavioural repertoire, their caveat about using behavioural data is 

unjustified. 

From my study. there is no universal connection between the relationship of end-products 

and the relationship of behavioun, thus. the simiiarity or difference of nest structure does not 

imply similarity or difference in nest building behaviour. If one infers from a phylogeny that 

nest structure is homoplasious (e.g., Lee et al. 1996). it does not follow that nest building 

behaviour is also homoplasious. Conversely, determining that nest structures in swallows are 

homologous (Winkler and Sheldon 1993) does not necessarily mean thai nest building behaviour 

in swallows is also homologous. Mapping details of end-product structure is useful for assessing 

the evolution of, and the evolutionary constraints on. end-product fom. However, if one is 

interested in the evolutionary pathways of the behaviour, then the behaviour must be broken 

down into its constituent units for each taxon. and the units mapped onto a well supported 

phylogeny. Behavioural homology or homoplasy is then detemined from the optimization of 

these behavioural units ont0 the phylogeny . 

Jn ferri= behavioural information from end-~roduct sirueturc 

Two predictions must hold if details of end-producis can be used to understand 

behaviour. First, aspects of the behavioural repertoire must be visible in the end-product; and 

second, it must be possible to accurately predict the behavioural repertoire from an analysis of an 

end-product. With knowledge of both the end-product form and the building behaviours 

associated with those fonns. it is possible to determine the applicability of extrapolating end- 

product information io building behaviour. Downing and Jeanne (1990). using both sets of 

information, detennined that young paper wasp workers (Polistes fuscatus Cresson) build 

species typical structures by a rries of steps not obvious fkom older s~uctures. 

Caddisfiy case building information allows for the assessrnent of both predictions. In 

caddisflies, the details of case building an rarely evident in the final case structure. Of the four 

behavioural charactes used to rcsolve basal trichopteran nlationships (Section 3.1.1) the oniy 
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trait potentially visible in the completed case is the placement of silk strands. Similatly none of 

the 27 family-level characters are readily apparent from an analysis of the completed case 

(Section 3.1.2). For example. leptocerids select pieces using their mandibles and hold a piece of 

materid anteriorly of the case while building; however, neither trait is visible in the completed 

case. The placement of 'primary'. 'reinforcemeni' and 'deep reinforcement' silk may be 

inferable from the final case, but it would be difficult to know definitively during which silking 

stage any particular strands were laid. In the Leptoceridae. none of the nine generic-level 

behavioural characrers are visible in the end-product structure (Section 3.1.3). Sirnilarly, none of 

the ten generic-level behavioural characters in the Phryganeidae (Section 3.1.4) are visible from 

an analysis of end-product morphology. Without exception. an analysis of only end-product 

structure results in the loss of valuable behavioural infonnation. 

Accurately predicting a behavioural repertoire from an end-product structure proves to be 

excrptionally difficult because it is not possible to appreciate the details of how a structure is 

consuucted with the limited information available lrom the end-product. Complex behavioural 

repenoires such as case building in caddisflies are composed of many behavioural units. The 

end-product can only yield information about what the case is made of, and aspects of its size, 

shape and weight. One may hypothesize the order of piece selection or addition, but until the 

behaviour is actually observed, these are merely predictions. There are instances in caddisfly 

studies where information from an end-product was insufficient to predict the location of piece 

attachment. Wiggins (1998) assumed that spiral case building phryganeid larvae place pieces 

side-by-side to construct their case. The behavioural analysis indicated that larvae do not follow 

this pattern (Section 3.1.4). Nor could Wiggins (1998) have known that Beothukus builds its 

ring-shaped cases differently than other ring-building phryganeids (Section 3.1.4). It would also 

be impossible to know that the caiamoceratid Heteroplectron (whose case is a hollow twig) build 

a temporary wooden case that covers the lama while it bores into a twig to construct its 

permanent case (Appendix A: Calamoceratidae). Similarly. how could one pmdict that Molanno 

larvae build flanges on theu case oniy aftkr completing the anterocionai extension (Appendix A: 

Molannidae). It is dificult to predict the comct order of piece placement during building, aot to 
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mention al1 the details of how a larva selects, handles. cuts, fits and silks pieces ont0 the case, 

from only the completed caddisfly case. Wenzel (1993; 1998) was able to gather information 

about the pattern of nest building in wasps by observing the nests at various stages of 

completion. However, this method does not allow one to observe al1 the details of behaviour 

used to build the structure, 

Behavioural details are occasionally even obscured by end-product structure. For 

example. the leptocerids Ceraclea. Leptocerus, Mystucides, Trioenodes, YZodes and Nectopsyche 

each have cases with an extended anterodorsal surface, whereas Oecetis and Setodes cases do 

not. Therefore, one Nght assume that Oecetis and Setodes do not construct an anterodorsal 

extension. However, an analysis of building behaviour indicates that ail leptocerids build an 

extended donal surface (Section 3.1.3). Prior to case completion Oecetis and Setodes sirnply 

add pieces to the lateral and ventral margins until they are flush with the anterodonal margin. 

Summary 

Schmidt (1955). while studying the morphology of termite mounds said that he "will 

probably be criticized by some who point out chat a description of the nest does not describe the 

actions or processes perfomed in building a nest". This criticism is justified as there is now 

evidence (this thesis; Downing and Jeanne 1987; 1990; Stuart and Hunter 1998) that an analysis 

of end-products cannot provide an adequate description of behaviour, nor can it reliably 

elucidate behavioural evolution. To achieve these goals one must make direct. unbiased, 

detailed observations of the behavioural repertoires. 

3 *3* 1 04 ConclusiQns 

Details of how an animal builds a structure is analogous to how development produces a 

structure; both are hierarchicai. complex, constrained processes that lead to the production of a 

structure. However, studying the mechanisms of building behaviour is generally easier than 

studying the mechanisms of development. Information from building behaviours is virtualiy an 

untapped =source of information that could be used to address a variety of macroevolutionary 
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issues. The key is to f i rs t  study details of how an organism builds a particular strucnire. Thus 

information can be used to examine issues of homology. homoplasy, divenity, constraint and 

congruence between behavioun and end-products. 



4.0 GE-L DISCUSSJON 

At the outset of this thesis 1 stated that my main objective was to coniribute towards the 

revival of behavioural data in macroevolutionary studies. 1 believe that four facton have 

hindered the use of behaviour: (1) the debate about what constitutes appropriate behavioural 

characters and behavioural units. (2) the concern about behavioural homology. lability and 

practicality, (3) the lack of appreciation for the various applications of behavioural data in 

macroevolution, and (4) the lack of a forum to share and exchange behavioural information. 

The debate over appropriate behavioural units is amply discussed in the literature with 

the general conclusion that behavioural characters should be circumscnbed and coded. as is done 

with morphological characters. However. 1 feel that the issue of behavioural components is not 

adequately addressed in the literature. One can divide behaviour into various components that 

are not equally useful for phylogenetic reconstruction. Mayr (1976) hypothesizes that 

locomotory components of behaviour (Le., how an animal performs a specific behaviour) are 

more evolution~rily conservative than perceptual components of behaviour (i.e. the object or 

stimulus of an animal's behaviour). The leptocerid caddisflies offer an excellent example of the 

differences between these two behavioural components. Perceptual components of case building 

behaviour are the matenals chosen by larvae to construct their case; locornotory components are 

the specific actions used by larvae to build their cases. Leptocerid genera use different building 

materials, arranged in different manners, which result in a divenity in case suucture that nearly 

equals that of al1 other portable-case building caddisflies combined. The locomotory 

components of behaviour. however, are quite conserved. with four complex synapotypies 

supponing the monophyly of the farnily (Section 3.1.3). Therefore, locomotory behaviours are 

evolutionitrily conserved in the leptocerids. whereas the perceptual components are not. I 

believe this distinction is fundamentally important for applying behavioural data to 

macroevolutionary studies. 

Researchers using behaviour in phylogeny reconstruction use locomotory components 

almost exclusively in their analyses (e.g., McLennan et al. 1988; 1993; Kennedy et al. 1996). 

Comparing resultant behavioural phylogenies to phylogenies constructed with other data 
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indicates that locomotory components of behaviour are reliable indicators of genealogical 

relationships. 1 am not suggesting that perceptual components are never useful for determining 

genealogical relationships, but rather that locomotory components are more consistently 

applicable. Tbus. to use behaviour in macroevolutionary studies. it is important to document 

how ari animal behaves. 

Much of the skepticism about using behaviour in macroevolution stems from the 

perception of behavioural lability. It is cornrnonly believed. although not always explicitly 

stated, that behaviour is inherently more plastic than morphology (e.g., West-Eberhard 1989; 

Huntingford et al, 1994). Yet the impression that behaviour is inherently plastic seems counter 

intuitive because most behavioun are crucial for the survival and reproduction of an individual. 

The discussion of the different behavioural components is equally important for the issue of 

behavioural lability as it is for the selection of characters. As mentioned in the introduction, 

stodies finding lability in behaviour tend to gather information about the presence or intensity of 

corne-scale phenornena or perceptual information (e.g., Arnold 198 1; 1992; Huntingford et al. 

1994; Foster 1995; Foster et al. 1996; Riechert 1986), whereas studies finding conservation in 

behaviour tend to gather information about locomotory components of behaviour (e.g., Prum 

1990; Paterson et al. 1995; Stuart and Hunter 1998). Copeland and Crowell ( 1937) studied both 

components by offering different building materials to limnephilid and molannid caddisflies. 

The y noted that the larval building method (locomotory component) remained the same 

regardless of the materials offered (perceptual component). For these two taxa, patterns of 

building are relatively conserved whereas choice of building material is labile. 

The perception that behaviour is inherently plastic may stem from either a lack of 

appreciation for the various components of behaviour or an assumption that al1 behavioural 

components are the same. 1 did not intend to determine whether coarse-scale labels or 

peneptual components of behaviour are more labile than morphology. The usefulness of these 

components in macroevolution should k studied hirther. Rather, I wanted to make a distinction 

between the various behavioural components and indicate that locomotory components are 

valuable for macroevolutionary studies. Other authoa established that behavioural data cannot 



173 

be assumed a priori to be more labile than other types of data (Lauder 1984; McLennan et al. 

1988; Wenzel 1992; deQueiroz and Wimberger 1993; Wimberger and deQueiroz 1996). ni is  

statement certainiy holds for locomotory components of behaviour. 

Skepticism about the inability to reliably establish homology of behavioural data results 

h m  the impression that behaviour is too labile and the debate over the term homology. The 

lability issue is discussed above and the term homology is debated elsewhere and will not be 

elaborated upon here (see Donoghue 1992 for a sumrnaryj. 

Gathering a complete set of behavioural data is generally considered more time 

consurning and less practical than gathering a set of morphological or molecular data (Urbani 

1989; Slikas 1998). In this study the collection and analysis of case building behaviour in 39 

genera took approximately 13 months, which is not an excessive amount of time. More 

imponantly, this data was used to reconstruct four phylogenies, improve the understanding of 

case building evolution, address issues of homoplasy and congruence between end-products and 

behaviour. It is arguable whether gathering behavioural data is generally more time consuming, 

and even if it is. the rewards of the process are often great. 

The two main uses of locomotory components of behaviour in macroevolution are 

phy logeny reconstruction, and undentanding behavioural evolu tion. Both of these endeavoun 

are fairly uncornmon; phylogeny reconstruction is dominated by morphological and molecular 

data, and behavioural evolution is typically studied by mapping coarse-scale labels or perceptual 

components ont0 phylogenies. Addressing broader macroevolutionary questions is another 

potential use of locomotory components of behaviour. but this avenue of investigation is almost 

completely unexplored. 

Ample evidence now exists that behavioural data are reliable indictors of evolutionary 

history and are useful for phylogeny reconstruction (McLennan et al. 1988; Prum 1990; 

McLennan 1993; deQueiroz and Wimberger 1993; Paterson et al. 1995; Kennedy et al. 1996; 

Stuart and Hunter 1998). However, the practice of using behaviourai charactea in phylogeny 

reconstruction is still in its infancy. The more often behavioural data are used for phylogeny 

reconstniction, the mon likely othen wiii become aware of the applicability and usefulness of 
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these data as a source of phylogenetic information. In this study, I described locomotory 

components of case building in representatives of 39 trichopteran genera (Appendix A; 

Ethobase). This provided information to perform four phylogenetic analyses within the 

Trichoptera: one at the subordinai level. one at the family level, and two at the generic level 

(sections 3.3.1,3.3.2,3.3.3 and 3.3.4 respectively). 

The reconstruction of these trichopteran phylogenies not only highlights the utility of 

behavioural data for phylogeny reconstruction. but also provides information about the 

usefulness of behavioural data at various taxonomic levels. Behavioural phylogenies are 

typically confined to closely related taxa (Urbani 1989; deQuiroz and W imberger 1993) mostly 

because sirnilar behavioural repertoires are difficult to identify in distantly related taxa (Urbani 

1989). However, even when members of a large assemblage (e.g., order or family) share a 

complex behaviour. such information is rarely gathered to address higher-level relationships. 

Slikas (1998) suggests that cornparing behavioural data among distantly related taxa increases 

the likelihood of mistaking homology because there is more opponunity for convergent 

evolution. Conversely, Mayr (1976) asserts that behavioural data should be used regardless of 

taxonornic level because both the genetic basis and the phylogenetic relevance of behavioural 

data are equivalent to morphological characten. In my subordinal level analysis, the details of 

case building reveded four cornplex characier States (Section 3.3.1) which resolve a paraphyletic 

Spicipalpia (Rhyacophilidae, Hydrobiosidae, Glossosomatidae and Hydroptilidae). The 

morphological analyses of Frania and Wiggins (1997) also support a paraphyletic Spicipalpia, 

although the authors recommend the maintenance of the suborder. The family-level analysis 

(Section 3.3.2) indicates that case-building infonnation accurately depicts the monophyly of 

integripalpian families, but that behaviourd data is insufficient to gain an accurate representation 

of relationships among families (Fig. 7). However, morphological data is also insufficient to 

reliably resolve relationships at this level. It is impossible to know ri priori whether a particular 

set of data, be it morphological, molecular or behavioural, will resolve relationships among taxa. 

Higher-level behavioural analyses may not produce as many characters as lower levels. 

However, if taxa share a complex behaviour (e.g., case building), regardless of how closely or 
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distantly nlated, one is likely to find shared derived behavioural charactea useful for phylogeny 

reconstruction. I agree with Mayr (1976), that there is no a priori reason to believe that 

behaviours at higher levels are any less useful than other types of characten having a similm 

taxonomic distribution. 

Detailed descriptions of locomotory information allows for the reconstruction of 

phylogenetic hypotheses. If a group of organisms shares a complex behaviour, regardless of the 

relationship among the taxa (Le.. higher vs. lower taxonomic analyses) or whether behavioural 

end-products appear markedly different. (e.g. the Leptoceridae), locomotory information of that 

behaviour is likely to yield information about genealogical relationships. 

1 think we have now reached the point where behaviour no longer needs to be specifically 

justified to be used in phylogeny reconstruction. Behavioural data should be considered 

equivalent to other types of data, and therefon used in a similas manner. 

With al1 the interest in behavioural evolution, it is intriguing how rarely locomotory 

information is gathered to address issues of behavioural evolution. Traits mapped onto 

phylogenies are typically coarse-scale labels and occasionally perceptual components of 

behaviour. Some commonly mapped coarse-scale labels are: migration ( e g ,  Burns 1998), 

mating systems (e.g., Searcy et al. 1999), sociality (e.g.. Weislo and Danfonh 1997) and sex of 

the care-giver (e.g.. Goodwin et al. 1998). Prey type (e.g., Vitt and Zani 1998) and host species 

(e.g., Taber 1994) are examples of mapping perceptual traits. Depending on the question, 

mapping ihese various features is completely appropriate. Mapping coarse-scale labels indicates 

which taxa possess a particular behavioural repertoire, but it does not imply that al1 taxa sharing 

this trait perfonn the behavioural repertoire in a similar manner. One can only detennine if the 

behavioural repertoire is sirnilar by optimizing the locomotory components of the behaviour onto 

the phylogeny. For example, if one was interested in how cm-giving evolved. one would map 

the behaviours involved with care-giving instead of mapping the sex of the care-giver. Again, it 

depends on the question of interest, however, it seems most appropriate to map the components 

of the behaviour to understand the evolution of complex behavioun (see Langtimm and 
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Dewsbury 199 1 ; McLennan 1991; Prum 1994; Slikas 1998 for examples of mapping locomotory 

components of behaviour). 

The evolution of case building has been a long standing issue. yet information used to 

formulate hypotheses is predominantly related to case structure, rather than case building 

behaviour. My study of building behaviour, dong with a phylogeny of the Trichoptera (Section 

3.3. l), pmvides convincing evidence for a single evolutionary event producing al1 portable case 

builders, regardless of whether they build saddle-shaped-(Glossosomatidae), purse-shaped- 

(Hydroptilidae) or tube-shaped-(Integripalpia) cases. Ross ( 1964) used aspects of behaviour to 

formulate his hypothesis of case building evolution, and also concluded that portable case 

building evolved only once. This does not completely resolve the issue of case building 

evolution in the caddisfiies. because i t  is difficult to establishes the ancestral condition using 

outgroup cornparison. However, it excludes theories that assume two independent evolutionary 

events for portable-case building. Locomotory information can be valuable for understanding 

the course of behavioural evolution. particularly when combined with a well-resolved. well- 

supported phylogeny of the group. 

Building behaviour can be considered analogous to development and therefore may be 

used to address a variety of general macroevolutionary questions (section 3.3). The analogy 

between developrnent and behaviour is informative for addressing issues of homology and 

homoplrsy from both systematic and adaptation perspectives. Systematists are interested in 

reducing homoplasy to produce the most reliable phylogeny possible (Doyle 1996; Ambruster 

1996). Some homoplasies are erron in the a priori assessment of homology (Bateman 1996; 

Endress 1996). From a systematic standpoint a trait is not homoplasious if the a priori 

assessment of homology is incorrect. Endress (1996) hypothesizes that cntical developmental 

studies will reveal subtle differences between seerningly similar conditions. These subtle 

differences will indicate when a priori assessments of homology are incorrect and therefore help 

nfine the view of homoplasy. Following the analogy of building behaviour to development, 

critical studies of building behaviour will also reveal subtle differences of seemingly sirnilar 

structures. For example, in the Phryganeidae. Oligostomis, Ptilostomis and Beothukus build 
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ring-shaped cases. A detailed analysis of building behaviour nvealed differences in the methods 

of ring-building in Oligostomis and Ptilostomis from those of Beothukus. Thus the a prioN 

assumption of homology for ring-building is false and the character state 'ring-building' should 

be replaced by the detaiied methods of building. Closer assessrnent of characters and their States 

will funher our understanding of 'false' vs. 'me '  homoplasy and will improve methods of 

character coding by refining the a priori assessments of homology. 

Researchers interested in behavioural adaptation are concerned with how and w hy 

similarity occurs. Knowledge about the mechanisms of development in various taxa (e.g.. 

presence or absence of developmental stages, changes in the outcome of a stage) aids Our 

undentanding of how similar morphological structures evolve in distantly related taxa (Arthur 

1988; Hufford 1996). Sirnilarly, studying the details of building behaviour in taxa constructing a 

similar structure gives information about which components of the behavioural repertoire are 

responsible for structural sirnilarity . 
This same analogy is also valuable in reverse; behaviourists can l e m  from patterns of 

development, particularly with respect to the assumed comlation between behavioun and end- 

products. Behaviours that result in a physical end-product leave permanent records that can be 

studied later, both through collections of the structures and from the fossil record. Schmidt 

(1955) and Hanse11 (1976; 1984) believe that this is an advantage for properly undentanding 

such behaviours. Knerer and Atwood (1966) concur, stating "mimals that construct nests, webs 

or larval cases leave a permanent record of their sometirnes very specific activities that the 

ethologist can analyze more thoroughly than he could the behaviour patterns leading to the 

completion of the structures". The same conclusion was recently advanced by Clayton and 

Hwey (1993) who state that "as the behaviour results in a physical object that can be preserved 

and studied at wiU, it is possible to infer at least some behavioural information with relative 

ease." Wenzel (1991) also asserts that the ability to measure, store and later reexamiae physical 

by-products is an advantage for those studying building behaviours. 

1 contend that the presence of a end-product may actually be a drawback - one that 

almost certainly outweighs any advantage of being able to study the by-product latcr. When a 
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behaviour does not produce a physical by-product, ethologists are obliged to detennine 

behavioural patterns by observing individuals. When analyzing building behaviour, nsearchen 

often ignore the behaviour of the individual and study only the structure. However, 

developmental studies have shown that direct correlations cannot be made between 

developmental processes and the structures produced (Donoghue 1992; Guralnick and Lindberg 

1999) and I believe the same is truc for building behavioural processes and their end-products. 

This behavioural study shows that one cannot make a reliable correlation between the 

relationships of end-products to the relationships of how the animal actually behaves (e.g., 

sirnilarity or difference in end-product does not imply similarity or difference in behaviour). For 

example, Molanna and certain Ceraclea species build similar cases that are constructed with 

Stone in a tubular shape with lateral flanges. It is incorrect to assume that similarity in end- 

product structure indicates similarity in behaviour because larvae of these two genera build their 

similar cases in markedly different manners (Appendix B). Additionally, these two taxa do not 

share immediate common ancestry, therefore the end-products are homoplasious. 1t is also 

incorrect to assume, however. that end-product homoplasy indicates behavioural homoplasy 

because in this instance, as discussed above, the a priori assessrnent of homology would be 

incorrect. This thesis also reveais that it is not possible to reliably predict details of building 

behaviour based on end-produc t structure (e.g ., a particular end-produc t does not give 

information on the method of building that end-product) (Section 3.3). The two predictions: that 

aspects of the behavioural repertoire must be visible in the end-product and that it must be 

possible to accurately predict the behavioural repertoire from an analysis of an end-product. did 

not hold for caddisflies. 

If one is interested in understanding behaviour or behavioural evolution, the study of 

end-product structure is insufficient; one must make detailed observations of the behaviour itself. 

It is clearly instructive to gather structurai information, dong with detailed descriptions of the 

behavioural repertoire. However, on their own, structural details do not constitute a description 

of building behaviour. This is not to say that details of end-products cannot be used in 

macroevolutionary biology - that is a different issue. Rather, 1 contend that end-product 
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information cannot be construed as a reliable method of understanding the details of how an 

animal behaves. 

A major limitation of using behaviour in macroevolutionary study is the lack of adequate 

behavioural data from closely related taxa (Wenzel 1992). Historically there has been no 

widespread method of sharing behavioural infonnation and one reason systematists have avoided 

behaviour is because characters are not readily available (Proctor 1996). Morphological traits 

are published (e.g.. species descriptions), museums hold and maintain specimens and published 

molecular data sets are submitted to the communal web site Genbank (URL: 

http:l/www .ncbi .n lm.nih.gov/Web/GenbanWi) .  Historically , behavioural data has had 

no such forum of sharing information and thus. behaviounl studies were undertaken with little 

or no benefit from previous work. This posed two problems; first, it was not possible to share 

methodological ideas. Ingenuity is ofien required to successfully videotape behaviours. and thus 

methodologicrl ideas gained from other researchers could Save time and money. Second. it was 

no t possible to share infonnation gained from previously performed s tudies. Therefore, 

repetition of behavioural studies was inevitable. 

To become more efficient and thus play a larger role in mecroevolutionary studies, 

behaviourists need a forum to exchange information that includes visual, textual and 

methodological information. An ethological database of shared information that includes 

detailed, comparative descriptions of behavioural repertoires is a potential solution to this 

problem. Ethological databases must include descriptions of ail character States. whether 

synapotypic. autapotypic or plesiotypic because this information may eventually prove useful in 

other studies. Most importantly, an ethological database must include both textual and visual 

documentation of behaviours. This could be achieved by constructing World Wide Web site 

(cg., h t t p : / l w w w . z o o . t o r o n t o . e d u : 8 0 / z o o w e b / ~ ~  or by nsearchers producing 

CD ROMs of behavioural information that are accessible to others. 

A forum, such as a web site, would accomplish t h e  objectives. First, individuals could 

l em and apgnciate natural behaviours. The site would be available to anyonc with internet 

access, thecefore anyone with such access could l e m  how organisrns interact wiîhin their 
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natural habitats. Second. researchers could address the questions for which the data was 

gathered. Placing this data into a open forum allows others to study the characters and taxa used. 

Third. information remains for othen interested in the same organism in the future. Even if the 

written descriptions do not clearly define the units of behaviour that are relevant to another 

researcher, the visual infonnation is available for use. Our ability to share and distribute 

infonnation may be the limiting factor in the applicability of behavioural information in 

macroevolutionary studies. Constnicting an ethological database on the World Wide Web will 

hopefully facilitate dissemination of ethological information, and hence allow behavioural data 

to reach its fullest potential in addnssing macroevolutionary issues. 

Locomotory components of behaviour are essential for using behavioural information in 

macroevolutionary studies. Al though t hese data are rarely gathered 1 have demons trated their 

utility in various macroevolutionary studies. I did not identify any circumstances where 

locomotory behaviour could be assumed a priori to be less applicable than other types of data. 

In performing this andysis of case building behaviour in caddisflies. I ais0 addressed five issues 

related to trichopteran phylogeny. 

There are two broad messages with which 1 would like ro conclude. First, locomotory 

components of behaviour are an untapped source of information with great potential in 

macroevolutionary studies. Most animals exhibit complex behavioun. the details of which are 

largely undocumented, particularly from a comparative standpoint. Second. there are no 

shortcuts. One can only understand how an animal behaves by perfonning detailed studies of its 

behaviour. End-products of these behaviours are not reliable indicators of behaviour just as 

morphological structures are not reliable indicaton of developmental processes. Although the 

detailed study of behaviour may seem onerous, the rewards can be great. Technologicd and 

methodological advances, particularly those that allow for exchange of information. should 

continue to reduce current roadblocks. 



The main purpose of this thesis is to aid in the revival of behavioural characten for 

macroevolutionary studies. 1 beiieve using locomotory components of behaviour (i.e., details of 

how anirnals behave) is the key to this revival. Detailing the locomotory components of 

behaviour is more time consuminp than assessing pnsence or intensity of a course-scale labels 

(e.g.. presence of cannibalism or intensity of aggression) or perceptual components of behaviour 

(Le.. objects of choice). However. the rewards of studying locomotory components are great. At 

the very least, one l e m s  about the organism and how it interacts with its environment. The 

information gained can then be used for various endeavours, including addressing 

macroevolutionary issues. In this thesis 1 used locomotory components for phylogeny 

reconsuuction. undentanding behavioural evolution and addressing broader macroevolutionary 

issues. There is no n priori reason to assume that locomotory components of behaviour are more 

labile, more difficult to homologize, or more impractical than other sources of data. 

Although behavioural studies may seern onerous. if one is interested in how animais 

behave, there is no easy alternative. End-products of behaviour are often used as a surrogate for 

behavioural information. however, it is not possible to reliably predict the locomotory 

components of behaviour, or to predict similarities or differences in behaviour based on end- 

product infornation. 

1 maintain that the application of behaviour to macroevolutionary studies requires 

detailed study of locomotory behaviour (sirnilar to the approach of classical ethologists such as 

Niko Tinbergen and Konrad Lorenz), modern principles of phylogenetic systematics and an 

accessible forum to share and distribute information. Following these methods. behaviour 

should resume its rightful place as a primary source of macroevolutionary information. 
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PPENDE A: ETHOBME OF C A D D m Y  C A S S O N  

Caddisfly cases have attracted considerable interest from researchen. with most accounts 

being simple descriptions of case morphology. However, a review of the literature that does 

contain detailed behaviourd information reveals that certain characteristics are s h e d  by most 

caddisfly larvae. Thus. to avoid repetition, the following summary of published information is 

divided into two parts: an account of behaviours common to many studies or taxa. and an 

account of behaviours particular to each family. 

OVERVIEW OF CADDISFLY CASE BUILDING BEHAVIOUR 

Most larvae, when evicted from a case. readily begin building a new case. Thus, larvae 

must have some method of assessing and monitoring case presence and status (Rowlands and 

Hansell 1984). Tomasewski (1981) postulated that a lack of stimulation on the abdominal 

humps of segment I is likely the building trigger. However, Rowlands and Hansell (1984) 

studied whether pressure on abdominal segment 1 could cause larvae to halt building, and 

discovered that pressure alone caused no change in building behaviour. 

M e d l  (1965) discovered that the anal hooks and hairs on segment X contribute to the 

assessrnent of case length. When these were removed, larvae produced abnormally long cases. 

She hypothesized that the anal hooks tngger a lama to cease case building. However. there is no 

indication about what cues initiate the building process. 

Case building is an energetically expensive endeavour for a larva. requiring 

approximately 12% (Otto 1974). or more (Otto, 1987b) of its total energy. The first step for both 

initial building and rebuilding behaviours in glossosomatids and most integripalpians is to build 

a temporary (or preliminary) case. At the beginning of the last larval instar, or if ejected from its 

own case, hydroptilid larvae attempt to enter an unoccupied case. If none is available, 

hydroptilid larvae build their cases by initially constructing a temporary case (McAuliffe 1982). 

In al1 instances temporary cases are built quickly, with less piece selectivity and less robustness 

than the eventual permanent cases (Fankhauser and Reik 1935; Copeland and Crowell 1937; 

Hanna 1957; 1960; 1961; Bernhardt 1965; Denis 1968; Hansell 1968a; Memll and Wiggins 
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197 1; Williams and Penak 1980; McAuliffe 1982; Rowlands and Hanse11 1987). Building a 

temporary case involves the construction of a loose belt of pieces around the abdomen, fdowed 

by the attachent of additional pieces to this M t .  Depending on the species. larvae may initiate 

temporary case building either by burrowing into the gravel, (Fankhauser and Reik 1935; Hanna 

1960; Memll and Wiggins 1971). by collecting pieces, (Copeland and Crowell 1937; Hanna 

1957; 1960), or by cutting pieces (Bernhardt 1965; Williams and Pen& 1980; Rowlands and 

Hansell 1987). Hanna (1960) described eight different means by which the initial abdominal 

belt is consuucted by caddisfly lmae. 

Once the initial belt has been completed, a lama executes between four and six building 

stages (in some species the cutting and reinforcement stages are not performed) to add a new 

piece to the case. Certain species are unable to entirely rebuild a new case in their later larval 

stages; however, most are able to rebuild at least a small portion of their case. Repair behaviour 

has been shown to be identical to permanent case building behaviour in Agapetus fuscipes 

(Hansell l968a) and Pycnocentrodes neris (Pres tidge 1 977). Regnrdless of whether building an 

entirely new case. or repairing an old case, individuals follow the same steps for selection and 

addition of pieces. The searching stage, is defined as a larva moving about the substrate in 

search of an appropriate piece (Fankhauser and Reik 1935; Hansell 1968a; 1968c; Prestidge 

1977). Larvae typically rotate their bodies within the case until they attain a particular position 

(typically ventral-side-down) before beginning a search. In the cutting stage, individuals cut 

pieces to an appropriate sire and shape for attachent (Fankhauser and Reik 1935; Hanna 1957; 

Bernhardt 1965; Williams and Pen& 1980; Rowlands and Hansell 1987) (URL: 1imncut.mov). 

In the handling stage a lama uses its legs to raise a piece of material off the substrate and then 

rotates it with the aid of its mouthparts. Pieces are occasionally rejected at this point (Bernhardt 

1965; Hansell 1968a; 1968c; Pnstidge 1977; Williams and Penak 1980). During the fitting 

stage a larva determines the location of piece attachent, typically by fitting pieces into gaps 

dong the anterior end of the case (Fankhauser and Reik 1935; Hansell 1968a; 1968c; Williams 

and Penak 1980; Rowlands and Hansell 1987) (URL: hetingap.mov). Caddisflies perfonn two 

cornmon methods of detennining the location of piece attachment. Mer the selection of a new 
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piece, lamae of certain genera move various locations on the case margin while holding the 

piece in their legs until an appropriate location is found (hydropsychids, helicopsychids, certain 

leptocerids, certain limnephilids, molannids and odontocerids). Lawae of other taxa select the 

location for piece placement before searching for a new piece (hyàropsychids, cdamoceratids, 

lepidostomatids, certain leptocerids. certain limnephilids, molannids and phryganeids). This is 

accomplished by the lama rotating around the anterior margin of the case after completing piece 

attachment and identifying gaps to be filled with the new piece. The pattern of piece placement 

also varies in caddisflies. In the most common pattern, larvae place a number of pieces 

(typically between 3 and 5) on one side of the anterior margin. If one considers the anterior 

margin of a case analogous to the face of a clock, pieces are placed in an area comprising half of 

the clock face (e.g., 12 o'clock and 6 o'clock). Subsequent pieces are place on the opposite area 

of the anterior margin (e.g.. 6 o'clock and 12 o'clock). This is termed opposite piece placement 

and is found in glossosomatids, brachycentrids. calamoceratids, most leptocerids, most 

limnephilids, molannids and certain phryganeids. In the silking stage a lana attaches a piece by 

spinning silk back and forth across the space between the new piece and the rest of the case 

(Fankhauser and Reik 1935; Bernhardt 1965; Hansell 1968a; 1968c; Prestidge 1977; Williams 

and Penak 1980; McAuliffe 1982) (URL: fabsilk2.mov). Most caddisflies apply additionai silk 

to pieces adjacent to the new piece by moving around the anterior margin of the case. This 

action is termed the reinforcement stage (Hanna 1957; Rowland and Hansell 1987). 

As permanent case building proceeds, each of the above steps requires longer periods of 

time (Fankhauser and Reik 1935; Prestidge 1977). Pieces are attached to the anterior margin, 

displacing previous pieces funher down the abdomen. Pieces added initially (Le.. the temporary 

case) thus become the posterior portion of the case (Prestidge 1977). AAer the addition of a 

variable number of pieces (from 3 to more than 50 depending on species), the case begins to 

appear similar in form to the original case. Once the permanent case coven more or less the 

entire larval body. individuals typically flip around inside their case. cut off the temporary 

posterior portion, and then fiip back (Fankhauser and Reik 1935; Hanna 1957; 1960; 1961; 

Bernhardt 1965; Prestidge 1977; Williams and Penak 1980; Rennerich and Schumacher 1984). 
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Flipping is defined as a lama tucking its head inside the anterior margin of the case and moving 

its head posteriorly until its entire body is oriented in the opposite direction inside the case 

(URL: yphflip.mov. hydroflipmov). Building ceases once the case has reached an appropriate 

length, which more or less paraiiels larval growth (Hanna 1959). 

Certain caddisflies switch from one type of building material to another during larval 

development. The switches from organic to mineral cases (Zintl 1976; Smart 1976) is most 

common: however, at least one genus (Lepidosrorna) has larvae that switch from minera1 to 

organic cases (Itô 1987). 

Memll(1969) studied the ability of larvae to recognize and re-enter their own cases. She 

noticed that some species readily vacate their cases when prodded. whereas others. particularly 

those with tapered cases. are reluctan t to vacate. Hydropsychids and glossosomatids vacate their 

retreats in the absence of flowing water; however, they readily re-enter their retreats once flow is 

restored (Alstad 1982; Memll 1969). Although phryganeids are easily ejected from their cases, 

they exhibit the exceptional ability to recognize and re-enter their own cases. Individuals of 

most species re-enter their cases head first and subsequently flip to achieve appropriate 

orientation. Larvae of the Hydropsychidae, Glossosomatidae and the Phryganeidae al1 flip easily 

inside their cases. 

Memll ( 1969) hypothesized that certain caddisflies lost the abiiity to recognize and re- 

enter their cases because eviction occurs rarely. Typically, such larvae only leave their cases 

when the case becomes a liability (e.g., too buoyant, or stranded in a dried pool). Because re- 

entry is futile in such instances, the ability to rapidly build a new case is an advantage (Memll 

1969: Majechi et al. 1997). 

CASE BUILDING BEHAVIOUR IN TRICHOVTERAN FAMILES 

Behavioural information for each family is divided into two parts. Published information 

is summarized fmt, followed by behavioural information elucidated in this snidy. The literature 

survey includes reference to any member of any family. regarâless of whether or not 1 made 

fust-hand obsenrations of the same taxon. 
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The same descriptive format is followed for each family . Information concerning 

temporary case building is f ~ s t ,  followed by analyses of the stages (Appendix A: overview), i.e., 

searching, cutting (when present), handling, fitting. silking and reinforcing (when present). 

Finally, information on any additional building behaviours are described. Illustrations of 

selected cases are included in this section. Wiggins (1996) should be consulted for exemplars of 

cases for al1 other Nearctic caddisfly genera. Ail nferences to URLs are prefued by the World 

Wide Web site address: http:/lwww.zoo.toronto.edu:80/zooweblastuar./ethobase unless 

otherwise noted. Al1 figures referred to in this section are found at the end of the section. 

SPICIPALPIA 

Rhyacophilidae and Hydrobiosidae 

Larvae of these two families are free living predators. Ai the end of the final larval instar 

a pupal case is constructed that is attached to a rock. The pupal case is composed of small 

minerals arranged in a dome shape. In rhyacophilids. the pupal case is occasionally a ring of 

stones attaching two larger rocks together (Wiggins 1996). No actud descriptions of pupal case 

building were found for either family. 

l3=mm!Y 

Although pupal case building was not observed for rhyacophilids in the present snidy. 

partially completed cases were observed to comprise a ring of smaller stones attached to the 

substrate, typically a large rock (P. Schefter. pers. cornm. 1998). Given that retreats are attached 

to the substrate, it seems unlikely thai a ternporary case is constmcted. Rather, 1 infer that the 

final instar lama begins by constructing a ring of minerais attached to a larger Stone. By 

constnicting an initiai ring of pieces areas of both the future anterior and funire posterior ends of 

the case are constnicted early. If a dome were built linearly, one would expect to find a half- 

completed dome (as found in glossosomatids), not a ring of pieces. It thus seerns unlikely that 

rhyacophilid Iarvae build their pupal cases by initiating construction at one end of the future case 

with subsequent attachent of pieces in a single direction. 



206 

Glossosomatidae 

Glossosornatid larvae build dome shaped portable cases with a ventral plate, similar in 

appearance to tortoise shells. with both anterior and posterior openings oriented toward the 

substrate (Fig. 23). 

Glossosomatids build a new case for each larval instar, possibly because both ends 

require additional pieces (Anderson and Boume 1974). Larvae may add a few additionai pieces 

during a particular instar as Anderson and Bourne (1974) discovered using coloured pieces. 

More typically, however, a new larger case is built at one end of the old case. This latter case is 

cut off and discarded once the new case is complete. Glossosornatid l a m e  flip easily in their 

case so either end is functionally the anterior. To pupate, the ventral floor of the last instar's 

case is removed and the dome is affixed directly to the surface. A parchment-like inner cocoon 

is spun inside the dome just prior to pupation (Anderson and Bourne 1974). 

Majecki et al. (1997) described the rebuilding behaviour of A. fuscipes larvae whose 

cases were covered with sand (thus simulating unstable sediment). Larvae abandoned their 

original case and emerged from the sand head first. Each larva began building by constnicting a 

'collar' made of sand grains around its abdomen. Pieces were added to the anterior margin of 

the collar, thus lengthening the case and forming a long tube (temporary case). The lama flipped 

inside the case and removed the posterior portion of this tube. Additional pieces and siik were 

placed on the anterior portion, which became the permanent case. 

Houghton and Stewart (1998) described the case building behaviour of another 

glossosomatid, Culopcila cantha. Al1 evicted individuais (n =56) began case construction once 

evicted From their case, and 98% of these exhibited the following steps when building their 

temporary (emergency) case: (1) a grain of sand was attached to the anal prolegs with labial 

silk; (2) a ring was fonned around the lama by adding additional pieces to the fint piece; (3) 

three or four concentric rings of sand grains were added to the initial ring; (4) several more 

grains were added to form a half-dome; and (5) the lama flipped in its case and constructed a 

dome on the opposite end of the case. The temporary cases were the same size and shape of 

field-collecied cases, but the stones were more loosely attached and no large stones were found 
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in the case. When left ovemight. most larvae nplaced sand grains with larger particles; others 

abandoned their temporary cases and constructed entirely m w  cases. 

Ek!=lw& 
Al1 Glossosoma sp. recorded (6) were able to entirely rebuild their cases. providing the= 

was a constant flow of water. In standing water individuals wouid move about but would not 

attempt case construction. Once individuals were moved into flowing water, each built a 

compie te case. 

Glossosoma sp. build temporary cases siMlar to those of Culoptila canrha as described 

by Houghton and Stewart ( 1998). They build an entire case that is simüar in appearance to those 

found in nature; but with Stones more loosely attached. No piece removal was observed at the 

completion of temporary case building, but additionai silk was applied to attach pieces of the 

case firmly together. Unlike C. cnntha. Glossosoma sp. adds larger pieces to the case during 

temporary building. To initiate o temporary case, a larva pulls a number of pieces (3-6) toward 

itself and attaches the pieces loosely together. These initial 3-6 pieces are organized into a half- 

arc around the lama's body, with subsequent pieces added to complete the ring. Temporary case 

building is rapid. k ing  completed in less than two houn. additional silking continues for some 

time after. 

When searching, A. fuscipes larvae strike pieces with both forelegs simultaneously 

(Hansell 1968a). Glossosoma sp. exhibits this behaviour occasionally when searching but larvae 

also touch a piece initially with one leg, and then bring the other foreleg over quickly ta a 

pnferred piece. Larvae move very little when searching for pieces tending to search 

predominantly in the irnrnediate vicinity. Larvae handle each piece by spinning it in their legs. 

and then moving with the piece to a location on the case. Very few pieces are dropped, 

especially at the beginning of the case building process. As case buifding progresses, individuals 

becorne increasingly setective of pieces, rejecting many before choosing one to attach to the 

case. 

Larvae appear to have a predetemiined location for each piece, possibly related to 

particle size. Large particles are attached dorsally or laterally, whereas smaller pieces are 
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attached ventrally. Individuals become more discriminatiag later in the building process, 

possibly because fewer options for piece placement are then available. 

Pieces are added to the case by the larva siking the space between the new piece and an 

adjacent piece. Glossosomatid larvae use a lateral motion of the entire body to silk pieces ont0 

the case. The head moves side-to-side slightiy more than does the body alone. Individuals 

attach pieces quickly, usually silking no more than two or three times on each side of the new 

piece. After the addition of certain pieces, larvae reinforce their case using broad head 

movements while silking on existing portions of the case. Larvae flip occasionally during 

building. 

In glossosomatids. case building proceeds in one direction (URL: glossbuil 1 .mov, 

glossbuil2.mov. glossbuil3.mov). Initial pieces are placed around the larva's abdomen and 

subsequent pieces are attached preferentially to the anterior margin. The case is not built evenly 

diroughout because the occasional large pieces is added. However. the case is initiated frorn one 

end of the future case and pieces are added to the case in one direction uniil the case is 

completed. Because glossosomatid larvae normally build their cases as an extension of the 

previous instar's case (Anderson and Boume 1974), it follows that the new cases builî at the end 

of an instar are also built in one direction. The dome-shaped dorsal surface and the ventral plate 

are therefore constructed simultaneously. At pupation. the lama removes the ventral plate and 

f i d y  attaches the dorsal dome to a larger rock. 

H ydroptilidae 

Larval hydroptilids build a case only at the beginning of their last larval instar. with the 

first four instars free-living (Wiggins 1996). These cases are maintaincd and closed off at the 

end of the last instar for pupation. Hydroptilids are called "Purse-case" makers because most 

species have portable bi-valve cases (Fig. 24); however, some species build fixed retreats that 

are mon tube shaped. Some species construct cases composed entirely of silk, but most include 

other materials. 
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Nielsen (1948) noted that Hydroptila femoralis larvae build a provisional case that is 

composed of loosely attached sand grains irnmediately after transforming to the 5th instar. It 

then constructs the permanent case by using the provisional case as a base. After the permanent 

case is complete. the provisional case is removed and discarded. 

Leucotrichia pictipes, a species whose retreat is fixed to the under surface of Stones, was 

studied by McAuliffe (1982). Over 75% of old cases are reoccupied by the next generation of 

larvae. if no appropriate cases are availabie, larvae construct new cases. Individuals buiid a 

temporary case thai is shoner, narrower. and not as f i d y  attached to the substrate as is the 

subsequently constmcted permanent case. McAuliffe (1982) States that larvae enlarge the 

temporary case width by spinning silk on the donum of the case and cutting the weakly attached 

edges free from beneath. As in glossosomatids, the case is built by initially adding pieces to the 

future posterior end and advancing anteriorly until completion. 

ANMJLIPALPLA 

Al1 annutipalpians build fixed retreats at the beginning of their first laval instar, typically 

with a silken net for filter feeding. Most larvae build a dome-shaped pupal case at the end of the 

last larval instar (Wiggins 1996). To date, only capture-net building has been described in any 

detail (Sattler 1958; 1963). Retreats Vary among annulipalpian families, being constmcted of 

minerals, organic material, silk. or some combination of these materials. When mineral or 

organic materials are used, some method of searching, handling, fitting and silking are required. 

Hydropsychidae 

Wallace and Sherberger (1974; 1975) described the morphology of fixed retreats for two 

species of Macronemn and Wallace (1975a) made observations of Arctopsyche retreats. The 

latter are constmcted with several layers of organic material, mostly large leaf pieces bound 

together with silk. The capture net is subsequently constmcted on the anterodoaai surface of the 

retreat. As the larva grows and enlarges the retreat, it covers the capture net with organic 

material and conswcu new frames and nets. Therefom, retreats include a posterior section, 
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built by earlier instars, and an antenor section built by the cumnt instar including a capture net. 

The overail appearance of the Arczopsyche dwelling tube is simijar to Hydropsyche (Fig. 25) and 

Diplectrona. However, the capture net is part of the anterior end of the retreat in Arctop~yche, 

whereas in Hydropsyche and Diplectrona capture nets are built outside the retreat (Wallace 

1975a). 

Atypical Hydropsyche retreats may be encountered during the winter months (Mecom 

1970). Food nets are desiroyed and cases reinforced with pebbles to fonn thicker, more convex 

retreats where larvae can remain inactive until spring. Mecom (1970) is uncertain of the 

adaptive significance of this arrangement. but hypothesizes that it may have evolved to resist 

heavy icing . 
Although not constituting case building behavior. Wallace (1975b) observed an 

intriguing escape behaviour in Hydropsyche oris larvae. If a submerged limb with larvae 

attached is raised out of the water. l m a e  begin abandoning iheir retreats after approximately 10 

minutes and crawl to the lowest point on the limb. Each larva then attaches a piece of silk to the 

limb, releases its legs and thus is attached to the limb by only a strand of silk and its anal claw. 

By releasing its anal claw, and spinning out more silk. the larva lowers itself from the limb back 

to the water. Individuals can move op to 30 cm in 6- 10 minutes. 

Prewt studv 

Hydropsychid larvae abandon their retreats when initially collected. However. al1 larvae 

studied [Hydropsyche sp.(5), Cheurnatopsyche sp. (2) and Macrostemurn sp. (2)] readily rebuilt 

their retreats and capture nets in the lab. 

To initiate case building a I w a  locates a large stone (or other large solid surface) and 

begins to attach smaller Stones or organic material. The stone is functionally the ventral surface 

of the retreat. No hydropsychids built a temporary case building as al1 pieces added during 

retreat building were present in the final retreat. Initially. a larva gathers a few pieces (typically 

five or six) nearby to use as the initial constituents in the reireat. Piece selection is rather 

indiscriminare during the building process. although not every piece encountered is selected. 

Hydropsychid lantae are oriented in various positions when they begin searching for a new 
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piece. To find and select pieces, the larva probes the substrate with its forelegs until it 

encounters a suitable piece. The piece is then taised off the substrate with the forelegs, as 

observed in other caddisflies. Once in the forelegs there is little or no piece movement, 

rendering the handling stage almost non-existent. The initial position of a piece in the forelegs is 

the ultimate position the piece is fitted ont0 the reûeat. 

Hydropsychid larvae occasionûlly drop pieces once raised off the substrate. They move 

the piece to a particular spot on the case. which is sometirnes determincd prior to piece selection. 

If determined pior to piece selection. the lama reinforces the retreat by silking its inner surface 

at completion of piece attachment. The location where a larva stops reinforcing the retreat and 

beings searching for another piece is typically the point of attachrnent. Altematively, the luva 

attempts to place the piece in multiple locations before finding a suitable position. Once a 

location is found, the new piece is silked onto the case by movements different from those 

obsemed for other caddisflies. Individuals do not silk the space between the new piece and a 

neighbouring piece. Rather, hydropsychids initiate a strand of silk on one of the pieces adjacent 

to the new piece, pull the strand across the entire surface of the new piece and terminate the 

stnnd on an existing piece on the other side of the new piece. Three to five silk strands are laid 

in this fashion to cornplete the sifking stage. After the retreat encloses the entire larval body, the 

lama reinforces the inside of the retreat using broad silking motions across the width of the 

retreat. 

Hydropsychid larvae do not begin building at one end of the retreat and continue to build 

in one direction until the retreat is cornplete as in glossosornatids, hydroptilids and 

integripalpians. Rather, they attach several pieces to the substratum in one area, then flip (URL: 

hydroflip.mov) and sirnilarly cluster pieces onto the substratum in another area about one body 

length away. These areas represent opposite ends of the retreat (URL: hydrobuil.mov). Pieces 

are then added variously to the middle or the ends of the retreat. Individuals flip easily and often 

during the rrtreat building process. 

Philopotamidne 
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Wallace and Malas (1976) studied the larval capture nets of phiiopotamids and suggested 

a probable method of construction based on their analysis of net structure. Larvae build a new. 

elongate, sac-shaped net for each instar. The anterior end is attached to the substrate allowing 

the remainder of the net to uail f ~ e l y  downsueam. The retreat and net serve as one entity. 

Wallace and Malas ( 1976) hypothesize that later instar larvae start with the constmction 

of a short cylinLr composed of randomly arranged strands of silk. some of which are attached to 

the substrate. New retreats are usually built beside the antenor opening of the previous instar. 

Larvae ihen spin the posterior outer frame using a combination of longitudind motions and large 

loose spirals. Wallace and Malas (1976) an uncertain of exactly how the initial structure is 

constructed. but are more confident about how the remainder of the retreat is constructed. They 

hypothesize ihat after completing the outer frame. the lama spins a tight coi1 around the entire 

length of the net. This appears to be an unbroken strand, as no ends were detected. Then. 

additional longitudinal strands are deposited which form support for the smallest silk strands. 

These smallest strands are laid transvenely and form the long sides of the individual mesh 

openings. Grooves associated with the silk opening on the mandibles allow one strand of silk to 

be divided into many minute strands. Accordingly, silk is conserved because multiple small 

strands are spun simultaneously. One retreat may have up to 100 million small mesh openings. 

but because strands are thin. it is not a great energetic burden. Wallace and Malas (1976) found 

that some retreats were more heavily reinforced with longitudinal strands. which probably adds 

strength to the net. 

In surnmary, Wallace and Malas (1976) relied on the ultrastructure of the end product to 

determine the sequence of behaviour. Although the detail provided was exceptional, al1 

behavioural intncacies cannot be fully appreciated using this rnethod alone. However. from this 

description it can be inferred that philopotamids build their retreats non-linearly as in 

hydropsychids. The outer frame of the entire tube is constructed initially and then various 

silking methods are used to complete the retreat. This is the only description of philopotamid 

retreat building behaviour found. 
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INTEGRIPALPIA 

Al1 l a r d  instars of al1 integripalpians have portable cases (Wiggins 1996). Members of 

this suborder build some form of temporary case prior to permanent case building by building a 

loose belt of pieces around their abdomen (Fankhauser and Reik 1935; Copeland and Crowell 

1937; Hanna 1957; 1960; 1961; Bernhardt 1965; Denis 1968; Hansell 1968a; Memll and 

Wiggins 197 1; Williams and Penak 1980; McAuliffe 1982; Rowlands and Hansell 1987). Al1 

integripalpian larvae build cases by adding pieces (or silk) to the anterior margin in one 

direction. When preparing to pupate, integripalpians attac h their larval cases to the substrate and 

partially close the ends such that some water can still pass through (Wiggins 1996). The only 

exception are the Phryganopsychidae and Yphria (Phryganidae: Yphriinae), which build an 

entirely new pupal case. 

Brachycentridae 

Brachycentrid cases are tubular and straight, and are either square or circular in cross- 

section. Square cases are composed of plant material placed transversely in a regular fashion 

(Fig. 26a). Circular cases may be composed of sand grains, plant material or entirely of silk 

(Fig. 26b). Al1 cases are thoroughly lined with silk (Flint 1984). 

Larvae often attach the anterior margin end of their case to rocks or other substratum. 

This attachrnent is made by larvae holding onto the substrate with their meso- and metathoracic 

legs. and moving their heads anteriorly and posteriorly while emitting silk. Attachment takes 

10-20 minutes. To detach the case, larvae chew through the silk and flex the case until it 

releases (Gallepp 1974). 

Brachycentrus occidentalis lamae increase their case length by adding rings of silk to the 

anterior end (no observations were made of square cased individuals). The legs are usually 

curled around the antenor case margin with the mouth placed on the margin in-between the legs. 

The lama moves its head laterally while releasing siik. Case building lasis 30-90 minutes with 

the larva flipping periodically . After lengthening, the larva detaches its case from the subsmte. 

moves slightly and reattaches the new leading edge (Gailepp 1974). Wiggins (1965) is unsure if 
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Brachycentrus and Oligoplectron are closely related because of their "suongly contrasting case- 

making behaviour". However, the description by Gallepp (1974) remains the only published 

account of brachycentrid building behaviour. 

Brachycentrids are capable of controlled downstream movement. A lama attaches a 

strand of silk on the substrate (often aquatic moss), then releases its legs, thus remaining 

connected by only a fine strand. By lengthening the line, a lama moves downstream until a 

suitable substrate is cncouniered (Gallepp 1971). 

Dunng the prepupal stage, B. occidentalis lmae  attach the anterior margin of the case to 

the substrate, flip inside, remove the silk plate at the posterior margin and then fimiy attach that 

end to the substrate (Gallepp 1974). Larvae then spin a new silk plate with 12 small apertures. 

Larvae flip again, thus retuming to the anterior end. and attach several mineral pieces to the 

anterior margin. A silken plaie is then spun over the anterior opening of the case. Cannibalism 

is cornrnon in this species. with pupae being attacked at either the anterior or posterior ends. 

Gallepp (1974) thus hypothesizes that the addition of mineral pieces may confer some degree of 

protection for the pupa. - 
Late instar brachycentrid larvae are unable to rebuilding their entire case. Therefore. the 

anterior 113 of the case was removed and case repair behaviour observed. Larvae of three 

brachycentrid species, Amiocentrus aspilus, Micrasema sp. and Brochycentrus sp., were 

collected from submerged veptation, and building behaviour for al1 three was recorded. 

Brachycentrids attach a small portion of the anterior margin of its case to the substrate 

(typically trailing vegetation). This substrate is elevated off the surface and thus, the case hangs 

off the vegetation and is oriented venically. Therefore, when searching for a piece. a larva must 

first dislodge its case from the substrate. It partially cuts the silken attachment with its 

mandibles. and then raises its veriically oriented case to a horizontal position, and repeats this 

action until the attachment is broken (URL:micrabrl.mov; micrabr2.mov) (Gallepp 1974). The 

Iarva is then free to move about in search of building material. To move forward. larvae 

altemate the placement of their legs; to reverse direction, larvae change the side of the piece on 
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which the legs are placed. Therefore, the nght legs are placed where the left legs had been and 

vice-versa. This results in the lama turning both their body and case 180°. The larva then 

moves forward in this direction and repeats this pattern until cutting begins. Micrasema sp. and 

A. nspilus larvae obtain pieces in two different ways. Sirnilar to many other caddisflies that 

build organic cases. they either cut transversely through a stem to obtain an apprapriately sized 

'stick', or they cut longitudinally along a stem creating a long. thin. stnp. 

Bnichycentrids that constmct organic cases are rneticulous when handling rnaterials, 

spending up to 10 minutes manipulating and shaving a piece before attachment. The position of 

piece attachment is determined pnor to the search. With silk already applied to the appropnate 

location, new pieces are laid parailel to those already on the case in log-house fashion. When 

adding a piece or reinforcing an area after a piece attachment. a silk strand is applied to the 

anterior margin. pulled posteriorly dong the inner wall and then back to the anterior margin, in a 

'V* shape. The larva progresses in this fashion from one end of the new piece to the opposite 

end and then moves in reverse until reaching the original end of the new piece. Silking 

continues in this manner until the new piece is f i d y  in place. As with handling, brachycentrids 

are meticulous when silking, the process requiring mon than 10 minutes to silk a single piece 

ont0 the case. Brachycentrid larvae add silk to the margin by moving its head a short distance 

along the margin in one direction and then ntuming back to the original location (e.g., point A 

on the anterior margin. to point B then back to point A). It then moves using a 'v' motion from 

the margin (A). deeper into the case and back to the margin (B). moving in the same direction 

and distance as the initial movement along the margin. Thus, the lama siks dong the margin (A 

to B) and back (B to A) and then in a 'v' motion until reaching the margin (B). The lava then 

moves further along the margin (B to C) and back (C to B) and then in a 'v' movement back to 

the margin (C). The larvae is slowly rotating around the circumference of the case, and 

continues until it rotates halfway around the circumfennce of the case. All of these steps are 

repeated in reverse (e.g.. C to B. B back to C. 'v' motion from C to B) until the lama reaches the 

initiai point of building (1) (Fig. 6a) (URL: micraspin.mov). Brachycentrid larvae do not 

reinforce other pieces in the case after piece addition. 
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After piece attachment, a lama typically detaches itself from the subsuate, rotates the 

case slightly, and then reattaches the antenor case margin to the substrate. The lama then silks 

one ana of the case in prepmtion for attachment of the nexi piece. 

In addition to sharing the building behavioun described above. brachycentrids can use 

silk to control downstream movement (URL: amiospid(s).mov). The case is first detached from 

the substrate and then a strand of silk is applied to the substrate. The larva releases its legs and 

slowly emits silk to move further downstream from its point of attachment. The forelegs are 

frequently seen moving up to the mouth area and pulling at the strand, possibly aiding the release 

of silk. Brachycentrids are also capable of climbing upstrearn on the silk strand, sometimes back 

to the original point of attachment. One foreleg is extended to engage the strand and pull the 

larva forward while the other leg is extending further up the strand. This process is repeated 

until the lava stops or reaches the end of the strand. 

Amiocentrus has a unique behaviour of silking on the anterior margin of the case as well. 

The larva rnoves anteriorly, and with rnandibles attached, silks up and over the margin ont0 the 

exterior of the case, and then moves back into the case in reverse. During this behaviour, the 

head and thorax are visibly outside the case with the lama bent over the anterior margin (URL: 

nmioout.mov). The lama repeats this niovement before returning to silk the interior of the case. 

Calamoceratidae 

Heteroplectron califomicum is the only calamoceratid whose case building behaviour 

has been documented. L w a l  calamoceratids are unusual among are Nonh Amencan caddisflies 

in having a case composed of a hollow iwig lined with silk (Wiggins 1996) (Fig. 27). A 

cylindrical hole is excavated from one end of the twig to the other, although some individuals 

have forking tubes as well (Lloyd 1915). Gut contents consist of fine powder rasped from wood. 

Some individuals add bark, wood pieces or rocks to the anterior margin of the case (Lloyd 

19 15). 

Al1 first instar larvae build cases within 10 minutes of hatching using devital fragments 

(Patterson and Vannote 1979). Larvae begin to hollow out twigs dunng the second or third 
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instar. Wiggins (1996) found two H. califomicum larvae using stone cases of other caddisflies 

instead of the typical hollow stem cases. These larvae had modified the stone cases by attachhg 

pieces of wood to the anterior margin. In an analysis of 970 third; fourth and fifth instar H. 

califomicum cases. Patterson and Vannote (1979) found that 87% were hollowed twigs. 5% 

were constructed from pieces of decaying wood. 2% were constnicted from herbaceous plants 

and 6% were inhabiting discarded Psilotreta (Odontocendae) cases. Approximately 10% of the 

cases had additional pieces of wood attached at the anterior margin. It is perhaps not 

coincidental that Psilotreta larvae have one of the strongest cases of al1 North American 

caddisflies (Wiggins 1996). 

EEsmmub 
H. califoricum was the only calamoceratid recorded in the present study. Al1 12 

individuals collected (7 recorded) inhabited hollowed twigs, with none having additional pieces 

added to this case. When larvae were ejected from their twigs. al1 immediately began to build 

temporary cases. Some individuals initially built with stones. switching to small pieces of wood 

once entirely covered with stones; others started initially with small wood pieces and did not 

switch materials. 

Case building in calamocentids is slightly different from that observed in other 

caddisflies because there are three case types; temporary case. intermediate case and permanent 

cases. Temporary and permanent case building are found in other caddisflies whereas 

intermediate case building is found only in calamoceratids. A description of al1 three stages 

follows. 

During temporary case building, larvae use almost any srnall piece of material they 

encounter and cover the body quickly. However. if initially building with stones, the larva 

continues to select and add stones until the body is covered. 

Al1 of the building stages (Appendix A: overview) proceed more slowly during 

intermediate case building. Larvae are more selective, choosing longer pieces of wood that are 

modified in both length and width before attachrnent. After adding a piece a larva rotates in the 

case pnncipally to determine the location for the next piece and occasionally to reinforcing 



218 

existing pieces (URL: hetingap.mov). Thus, when selecting and modiSing a piece, a larva has 

already established its location on the case (URL: hetfilgap.mov). Calamoceraiids test the 

attachment of pieces by pulling on numerous pieces dong the anterior margin of the case pnor to 

piece attachment. Heteroplectran larvae occasionally cut pieces by grasping the large piece, 

drawing their body out of the case a certain distance and then initiating cutting. Larvae siik each 

piece using lateral head motions (i.e., parallel to the anterior case margin). Rarely silk is laid 

using diagonal head motions. Longer periods are spent silking largctr pieces. When the 

intermediate case is completed it is composed of three or four large pieces thot are not flush at 

the anterior margin (URL: hetend2.mov). Donally positioned pieces are extended further 

antenorly than those on the ventral surface. 

While building the temporary and intemediate cases. larvae sometimes encounter a twig 

that may ultimately serve as its final case. However, until the completion of the intermediate 

case larvae exhibit no inclination to search for, or bore into, a twig. Once the intemediate case 

is completed the larva finds and investigates a prospective twig before proceeding to one end of 

the twig. At this point it begins boring into the middle of the twig. The intermediate case is held 

at about a 120' angle from the longitudinal axes of the twig (URL: hetend2.mov). After boring 

for approximately 15-30 minutes, some larvae move to the dorsal surface of the twig (with the 

intermediate case still surrounding the larva) and make an indentation in the twig (taking 

approximately 5- 10 minutes) (URL: hetind.mov). Larvae then return to the original excavation 

location to continue boring. Ten of the wild collected individuals had cases with a dorsal 

indentation. After bonng into the end of a twig for half an hour or more, a lama will not leave. 

It was not possible to observe the intricacies of boring behaviour, nor how silk is laid 

down inside the twig. Three individuals were recorded through the complete case building 

process, and each required more than 48 houn, with permanent case building consuming more 

than 44 hours. Intermediate cases may remain on the end of the twig but they are only loosely 

attached. Most simply fa11 free in time; however. one individual flipped and cut-away its 

temporary case. 
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Gwridae 

Goerids construct mineral cases that are either simple tubes. or tubes with a lateral ndge 

of larger ('ballast') stones on either side (Fig 28). Hansell (1968b. c, d) studied Silo pallipes, an 

European species that is closely related to those of the North American genus Goera. Silo 

pallipes larvae place ballast stones laterally, and therefore Hansell divided his building 

description into the addition of small (1968~)  and large (1968d) pieces. Pieces of both size 

categones are selected according to size, not weight. Size is assessed tactilely, not visually, 

because the amount of light had no effect on selection or building behavioun (Hanse11 1968 c, 

dl. 

Hansell ( l968b) hy pothesizes that each stage in the building process ( Appendix A: 

overview) allows for possible rejection of stones. The scratch test (searching stage) excludes 

very small pieces whereas the handle test (handling stage) rejects pieces that are too large. The 

fit test (fïtting stage) excludes pieces that are unsuitably shaped. Through this selection process 

and mode of attachment, small pieces are oriented to maxirnally cover the dorsal and ventral 

surfaces. Gaps are muc h smaller than would be expected by chance (Hansell 1968b). 

Larvae build a new case at each larval instar, as do glossosomatids (see Appendix A: 

Glossosomatidae). by constructing a new case ont0 the anterior margin of the previous instar's 

case. The latter is discarded once the new case is completed. Two 'ballast' stones are first 

attached to the anterior case margin forming the lateral surfaces of the new case. Subsequently 

the roof and floor are filled-in with small particles. If a large stone is expenmentally removed 

after attachment. the larva attaches another large stone before proceeding to add the smaller 

stones donally and ventrally (1968d). The larva then blocks the anterior end of the new case 

with a large stone. flips inside the case, cuts off the old case, silks over the posterior aperture, 

fiips back and removes the blocking stone (Hansell 1968b). At the beginning of each larvai 

instar this process is repeated. The new case is larger than that of the previous instar. 

Present studv 

Both Goera archaon and Goerucea sp. were collected in Oregon. Some individuals were 

evicted from their cases whereas otheîs had various amounts of the anterior end removed. 
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Evicted individuals exhibited no inclination to rebuild and quickly died. When only a portion of 

a case was removed, individuals survived but did not attempt repairs for four days after piece 

removal. Hanse11 (1968 a, b, c) observed building behaviour in Silo after a larval moult, but 1 

was unable to stimulate building when moulting was not occming. It therefore seems possible 

that the building instinct is only present immediately following a larval molt. 

Helico psy c hidae 

Helicopsychids have among the most remarkable cases of al1 caddisflies. Those of most 

species resemble snail shells built of tiny rock fragments (Fig. 29). Helicopsychid cases are 

more tolerant of cnishing than those of other families tested by Williams et al. (1983). Larvae 

can also tolerate extremes in temperature; H. boreolis for example, was collected from 34' C 

thermal streams (Wiggins 1996). 

Because helicopsychids are unable to entirely re-build their cases. Williams et al. (1983) 

were only able to describe case repair in Helicopsyche borealis. They noted that after selecting 

an rppropriate piece. l m a e  position the piece using both of its mesothorasic legs and usually 

one prothorasic leg. Silk is then applied to the space between the new piece and the margin of 

the case. Silk is "laid down in a larnellar fashion. oriented at right angles to the edzes of the 

particle and the case" (Williams et al. 1983). 

Helicopsychids are assumed to rarely leave their cases (Williams et al. 1983); however. 

experimentally evicted l a m e  al1 successfully retntered their cases (Memll 1969). Surprisingly, 

they al1 retntered backwards and thus did not flip once inside. Leptocella (Phryganeidae) was 

the only other caddisfly tested that re-entered its case backwards after eviction (Memll 1969). 

Present stud y 

Because Helicopsyche boreal is larvae are unable to rebuild their entire case 

approximately half of one spiral was nmoved to observe case rebuilding behaviour. Ail 

individuals observed used only extremely small Stones for case building. Helicopsyche borealis 

only build about 314 of the anterior margin of the case because the existing case abuts into the 

anterior margin. 
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A lama searches for pieces initially around the circumference of the case by pulling ail its 

legs in one direction and thus rotating its case in a circle. After gathering suitable matenal in its 

immediate vicinity, the lama moves forward in search of additional pieces. Individuals an very 

selective during their search. Pieces are evidently evaluated when they are raised off the 

substrate with the prothoracic legs. If a piece is rejected, which occurs often, it is placed on top 

of the case where it rolls away from the anterior opening (URL: helictop.mov). This presumably 

reduccs the chance the lasva will encounier this same piece again. If a piece is accepted, it is 

rotated in the prothoracic and sometimes the mesothoracic legs while the larva seeks an 

appropriate place for attachent. Larvae rotate their bodies within the case befon settling on a 

suitable location. When adding new pieces to a flush margin. no two pieces are placed 

immediately adjacent to each other until about seven pieces are added. Subsequent pieces are 

then used to fill the gaps between these pieces. Therefore, pieces are either joined only on their 

posterior side (the first 7-8) or are joined on their postenor and on both lateral sides, because the 

remaining pieces fill the gaps (URL: helifit(2).mov). No pieces are joined on only one laterd 

side. 

Two different silking motions are used to attach pieces to the case: one to fil1 al1 spaces 

and another only to fill spaces ktween lateral pieces. For al1 gaps the larva uses extremely small 

movements, which visually appear as 'spitting' silk into the gap between the new piece and an 

existing piece. This is the only silking motion used dong the postenor edge of new pieces. On 

lateral surfaces larvae use the 'spitting' motion two or three times on each side and then make 

wider silking motions once on either side of the new piece. The larva initiates silking at the 

posterior edge of the new piece and moves slowly anteriorly either spitting or making wider 

silking motions. Larvae do not reinforce either the cumnt ring or previous rings of the case 

after piece addition. 

When a lama completes piece addition and moves out of the case in search of another 

piece, it rotates its body counter-clockwise, unless the new piece is added to the ventral surface 

of the case, then the lwae cornes directiy out of the case with no body rotation. 



Lepidostoma t idae 

This family is composed of only two genera. Lepidostoma and Theliopsyche. the fornier 

containing 96% of lepidostomatid species (Wiggins 1996). Lepidostoma species constmct cases 

that differ widely from one another. The most common case is a four-sided structure constructed 

of rectangular pieces of bark or leaves (Fig. 30a). However. cases of Stone (Fig. 30b). 

transvenely arrayed vegetation (Fig. 30c), and organic spirals (Fig. 30d) are built by other 

lepidostomatid species. 

Itô (1987) noted that certain Japanese lepidostornatids switch from mineral to organic 

building matenal later in their l and  life. These are the only caddisflies known to switch in this 

manner. However. no case building descriptions have been published for ihis family. 

Present study 

~idividuals from two Lepidostoma species were recorded; one with a four-sided organic 

case, and an other with a case of transversely arrayed plant materials (hereafter referred to as the 

'twig' case). Both species are able to build entirely new cases. Although both build temporary 

cases, neither are substantial, covenng only about 114 the body before permanent case-building 

is initiated. To initiate temporary case building, individuals building fou-sided cases attach 

their body to a leaf and cut appropriately sized pieces (URL: 1epidatt.mov). therefore reducing 

search time. One individual was observed leaving its temponry case. turning around and re- 

entering the case head first. No flips were obsemed in any lepidostomatid. Builders of 'twig' 

cases begin by piling a number of twigs nearby. Lepidostoma larvae are restricted to their 

imediate m a  while building the temporary case. Four-sided builden are physicdly attached 

to the leaf from which pieces are obtained and twig builders only use pieces from the original 

pile of pieces until the temporary case is complete. 

Both species cut (remove a piece from a larger portion of material which is then added to 

the case) and shave (make minor modifications to piece size) pieces when necessary. Four-sided 

builders determined the cutting location sirnilar to Calamoceratids. by the lama grasping the new 

piece and alternating the legs to draw itself out of the case to deteminhg a location to initiate 

cutting. The 'twig' builden rotate pieces in their legs, similar to Limnephilids, to determine an 
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appropriate cutting location. Four-sided case builden typically shave portions off the leaf before 

cutting a piece from it. Some shaving also occun after piece removal. If the small piece does 

not rapidly fa11 off, the lama shakes the larger piece with its legs away from. and then back 

towards, its body. 'Twig' case builders shave only after a piece is cut and held in the legs. Four- 

sided case makers determine fitting location during the reinforcement stage (Appendix A: 

overview). Wherever the first piece is placed, the second piece is placed on the opposite side 

(URL: lepidordJ.mov), the third is placed in one of the two remaining gaps and the fourth 

completes the square. The same pattem, including piece location order, recurs throughout the 

entire case building process. Although the 'twig' case is not a square in cross-section, a similar 

pattem is followed. with pieces attached to opposite sides. as opposed to around in order. 

Silking differs sornewhat from most other caddisflies studied (except limnephilids). 

Lepidostoma larvae always auach the posterior portion of the new piece first. While holding 

onto the piece with pro- and mesothoracic legs, lawae move their heads antero-posteriorly, in a 

zig-zag fashion. Larvae stvt silking at one posterior corner of the new piece and silk in a zig- 

zag motion dong the space between the posterior portion of the new piece and the anterior 

margin of the case (A), until reaching the other posterior comer of the new piece. Larvae then 

return to the original comer and repeat this process multiple times. When lateral pieces are 

present the silking is slightly different. After attaching the posterior portion of the new piece 

(A), larvae silk from the posterior comer of the new piece moving their head in a lateral zig-zag 

motion while advancing toward the antenor comer (B). Larvae repeat the lateral movements in 

reverse retuming to the posterior comer of the new piece. They then silk dong the posterior 

portion to the opposite comer, as described above, and then silk anteriorly on this side. Thus, 

each time larvae reach the posterior edge of the new piece, they move to the opposite side and 

attach that side to the laterally adjacent piece (Fig. 6b). 

Lepidostomatid larvae occasiondy reinforce the current ring and/ or previous rings of 

pieces using broaci head movements. 

No lepidostomatid was observed flipping and cutting off its temporary case. Because the 

temporary case of four-sided case makers is attached to a leaf, it is left khind when the larva 
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moves with its case. 'Twig' builders have a loosely attached temporary case which eventuaily 

drops off. 

Leptoceridae 

Most leptocerid cases exhibit charactenstic form at the genenc level; however, diveaity 

of case structure within the family is almost as great as in al1 other Integripalpians combined 

(Figs. 3 la-g). One novel behaviour found in certain leptocends is their ability to swim with their 

cases. The hind legs are elongate with numerous hain and when moved rapidly the lama is 

elevated off the substrate (Haddock 1977; Wiggins 1996). 

Three leptocerid genera have published accounts of their case morphology andor case 

building. Haddock (1977) remarked on the swimrning ability and case design of two species of 

Nrctopsyche. One species, N. diarium, whose case is composed of plant and mineral fragments, 

occurs in both lentic and lotic environments. This species can swim whereas N. albida a lentic 

species characterized by a mineral case, lacks metathoracic swimming brushes and cmnot swim. 

Certain species of Ceraclea are known to incorporate sponge ont0 their cases, and Resh 

et al. (1976) hypothesize that the common ancestor of this genus must have been a sponge 

feeder. Descendants are presumed to have attached living pieces of sponge to their case, with 

sponge becoming a required constituent in the cases of certain species (Resh et al. 1976). 

Memll and Wiggins (197 1). in their study of larvae and pupae of Setodes, made several 

observations about case building behaviour. They observed the initial stages of temporary-case 

building. before larvae bunowed into the grave1 out of sight. Based on case morphology two 

days later, they inferred that burrowing l m a e  continue applying silk to pieces. forming a 

temporary case. Larvae then become more deliberate with particle seleciion and attachment as 

they construct their definitive cases. Memll and Wiggins (1971) witnessed one piece being 

tested in severai places before finally king  rejected. The larva eventuaily selected another sand 

grain and added it to the case. Larvae wen occasionally observed holding a large rock in front 

of the anterior margin during construction. 
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Flipping within the case was also observed by MemU and Wiggins (197 1). Setodes has a 

case that is oniy slightly tapered. and therefore, after flipping, a larva can extend its head and 

legs out of the posterior opening. Larvae w e n  observed flipping, burrowing with the case 

partiaily into the substrate and then flipping back. 

Lestage ( 1921) observed leptocerid larvae attaching the anterior margin of the case to the 

substrate when at rest. Individuals flip and attach the posterior end of the case to the substrate 

when preparing to pupate (Memll and Wiggins 197 1 ; Resh 1976). 

The case of one Leptocerid species. Loptecho helicotheca. is shaped like a snail shell and 

thus resembles helicopsychid cases. L helicotheca builds its pupal case as an extension of the 

larval case, but does not coi1 this extension. Pupal cases thus appear to be a straight tube with a 

coiled end (Scott 1961). 

Present studv 

Although leptocerids possess markedly varied case types. a number of behavioural 

similarities are found. When constructing temporary cases, ail individuais curl the posterior 

portion of their abdomen. This is very distinct and not observed in any other caddisflies studied. 

The abdomen is bent in a 'U' shape with the ventral surface folded over on itself (URL: 

triaeus h,mov). 

Most caddisflies build their temporary cases quickly, with little discrimination among 

pieces until their entire body is covered. Thus, an hour after eviction. it is rare to see any portion 

of a lawa protmding from its temporary case. Temporary case building behaviour is unknown in 

boih Ceraclea and Leptocerus because individuais are unable to rebuild their cases. Howevet, 

al1 other Nearctic leptocerids maintain a high level of piece selectivity and silkhg thoroughness 

throughout the building process. Therefore, even after an extended period of building (up to 4 

hours), the lama is not entirely covered by the case. Serodes initiates building by finding a large 

piece of organic or minerai material and attaching additionai pieces to ihis large object. Once 

the body is covered by the permanent case the larva flips and cuis off the temporary case, 

including the original large object. Al1 other leptocerid genera initiate temporary case building 

by placing pieces about themselves in a belt and then adding pieces to this belt (as described in 
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Appendix A: overview). The pieces used in temporary case building are no larger than those 

used in the permanent case. Triaenodes and Ylodes build their temporary- and permanent cases 

while clinging to pieces of vegetation. Other leptocerids examined (Oecetis, Setodes. 

Nectopsyche and Mystacides) build temporary cases with their bodies perpendicular to the 

substrate (URL: oectempup.mov). Other caddisflies typically build with their body parallel to 

the substrate. 

Leptocerids use a novel technique to find pieces. Ln addition to searching with their legs 

(as seen in al1 other caddisflies larvae). they also search using their mandibles. Leptocerid genera 

(excluding Leptocerus larvae that build cases of only silk) raise pieces off the substrate with their 

mandibles (URL: oecmand.mov, nectomand.mov). Occasionally the forelegs are used to draw 

pieces towards the mandibles; however the legs are never used to mise pieces off the substrate. 

Setodes individuals raise pieces using both appendages, using their legs predorninantly during 

ternpornry building and their mandibles dunng permanent case building. The larvae of al1 other 

Nearctic genera use only their mandibles to raise pieces. Once a piece is raised off the substrate. 

only Ceraclea and Setodes larvae were ever observed dropping a piece. It is possible that raising 

the piece off the substrate with the mandibles somehow aids in piece measurement. Leptocerids 

search for pieces in their immediate vicinity and only if nothing is available nearby will they 

move about in search of appropriate pieces. Setodes lwae  cannot go in search of building 

material until the temporary case is removed. 

Three different movements d u h g  piece cutting are observed in leptocerids. This 

behaviour is not applicable to Leptocerus, Oecetis and Setodes larvae as they do not cut pieces. 

Necropsyche larvae are the only caddisflies that were observed moving pieces both forward and 

backward by altemating the placement of their legs without rotating the piece. Mystacides, 

Triaenodes and Ylodes larvae rnove forward by alternating the placement of their legs. but either 

rotate the piece or rotate their body while suspended fmm the piece of substrate, to move it in the 

opposite direction (similar to limnephilids and brachycentrids). Ceraclea larvae grasp a large 

piece, dtaw their bodies out of their stationary cases moving dong the piece a short distance to 

initiate cutting (similar to calamoceratids and lepidostomatids) . 
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Variation is present among genera in the performance of the fitting stage during 

permanent case building. Ceraclea. Setodes and Mystacides larvae move with a piece to various 

locations along the anterior case margin (Appendix A: overview) (URL: cermovpie.mov). 

Nectopsyche and Setodes larvae determine the location prior to piece selection (Appendix A: 

overview). Oecetis larvae always add pieces ventrally (URL: oecpivent.mov), and Triaenodes 

and Ylodes place each new piece directly adjacent to the previous piece attached (URL: 

ylodsbs.mov). Silking proceeds in a similar fashion in al1 leptocerid genera. charactenzed by a 

sideways figure 8 motion. 

Al1 leptocerids add pieces preferentially to the dorsal surface such that the dorsal surface 

of the case is extended anteriorly beyond the lateral or ventral surfaces using one of three distinct 

manners. Cenain genera rotate within the case and add the pieces directly ont0 the dorsal 

projection (Serodes, Leptocerus and Cerucleu) (URL: cemovpie.mov). Othen (Mystacides and 

Nectopsyche) add one large piece or several smaller pieces ventrally, then rotate inside the case 

until the larva is oriented dorsally. The larva then rotates back to the substrate. while the case 

remûins fixed. such that when the lana is oriented toward the substrate the pieces added to the 

ventral surface originally are now the dorsal surface of the case (URL: nectrot.mov). The 

remaining genera (Oecetis, Triaenodes and Ylodes) also add pieces ventrally but then rotate the 

case about their body until the pieces are situated dorsally (URL: oecpivent.mov, oecrotat mov, 

oecpitop.mov). Therefore, the lama's body aiways nmains ventrally oriented. 

The extended dorsal surface is stmcturally different arnong leptocerid genera. In the 

entirely silk cases of Leptocerus larvae (Fig. 3 lb). extra silk is laid down along the anterodorsal 

margin. Triaenodes and Ylodes larvae build a spiraled case in which the last piece is projected 

antenorly further than the others (Fig. 3 lg). This portion of the case is always oriented donally 

when ihe larva rnoves about with its case. In Mystacides and Nectopsyche larvae a large conifer 

needle or twig is fixed to the anterodorsal surface of the case (Figs. 3 1c.d). Cerocleo larvae (Fig. 

3 1 a) have extended dorsal surfaces (dorsal hood) that are present in the completed case, while 

Setodes (Fig. 3 1f) and Oecetis (Fig. 31e) larvae build an extended donal surface during 
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construction but then fï11-in the lateral and ventral rnargins such that there is no obvious 

projection in the completed case. 

When building the non-dorsal portions of the case, Oecetis. Triaenodes and Hodes larvae 

follow the same building pattern, rotating the case about themselves and attaching pieces 

ventrally. Al1 other leptocerid genera rotate their bodies within the case to reach the desired 

location for piece attachment. 

There are two distinct silking actions in leptocerids; one dong the anterior margin 

including the area just inside the margin, and the other deep inside the case. The former is 

termed 'primary silking' and the latter 'deep reinforcement'. Primary silking is used when 

adding a new piece to the case. Caddisflies with cases composed entirely of silk perform these 

same silking actions. 

During primary silking. Leptocerus and Ceraclea larvae use very short side-to-side head 

movements (URL: cersmrnv.mov). In Ceraclea larvae that build stone cases. silk placement is 

concentrated in the spaces beiween the new and adjacent piece(s). In silk-case building 

Ceraclea and Leptocerus, larvae use short side-to-side head movements to build ont0 the 

anterior margin of the case. The remaining genera al1 attach pieces by applying silk in a figure 8 

motion between the new and adjacent pieces. Silking is initiated at the posterolateral margin of 

the new piece and continues anteriorly until reaching the anterior margin (URL: trifig8.mov). 

Ceracleo. Leptocerus, Mystacides, Nectopsyche and Setodes larvae use both lateral and 

figure 8 head movements during primary silking whereas Oecetis. Triaenodes and Ylodes use 

only figure 8 head movements. Mystucides, Nectopsyche and Se rodes and stone building 

Ceraclea. silk across the crack between the new and neighbouring pieces initially with smdl 

lateral head movements that get broadened into figure 8 movements of the head across the space 

between the new and neighbouring pieces. Larvae initiate silking at the posterior portion of the 

new piece and use these silking movements while moving toward the anterior margin of the 

case. Sik building Ceraclea and Leptoccrus larvae add silk to the anterior margin using very 

short lateral head movements. The addition of silk using this method extends the margin and 

thus increases the overall length of the case. Larvae also silk deeper into the case, using a figure 
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8 movement of the head. Thc lama starts silking at the margin and draws a strand posteriorly in 

an 'S. motion. The larva moves down into the case approximately 116th of its body length, 

before moving anteriorly and completing the figure 8 movement. The lama then rotates 

approximately 115th of the circudennce of case margin and repeats the figure 8 movements. 

Five or six of these movements are made before the lama completely silks the circumference of 

the case. 

Ail iepiocerids use a figure 8 motion to apply silk. The head loops in a figure 8 manner 

between the new and adjacent pieces. Silking is initiated at the posterior margin of the new 

piece and continues anteriorly until reaching anterior margin. The lama then nturns to the base 

of the new piece either by using the same figure 8 motion or by drawing a single s u d  directly 

to the base (Fig 6c). This same head movement is used by al1 leptocerid larvae to reinforce 

pieces in the cumnt ring or spiral. 

During deep reinforcement, larvae move deep inside the case and re-apply silk to pieces 

already attached. Larvae of Setodes, Cerucleu. Nectopsyche and Leptocerus use a figure 8 

movement of the head when silking inside the case. Leptocerus and silk-case building Ceraclea 

larvae initiate silking at the anterior margin of the case and draw a strand posteriorly in an 'S' 

motion, withdrawing their heads approximateiy 116th of their body length into the case, before 

returning to the anterior margin, and completing the figure 8 movement. The lama then rotates 

about 115th of the circumference around the antenor margin and repeats the movements 

descnbed above. Five or six such movements are required before the lama completes silking the 

circumference of the case. Nectopsyche. Setodes and stone building Ceraclea larvae perfom 

almost identicai movements, but the deep reinforcement is iniiiated slightly deeper in the case. 

Larvae of the other Neûrctic leptocerid genera (Mystacides, Oecetis, Triaenodes. and Ylodes) do 

not perfonn deep reinforcements. 

Setodes larvae and one Triaenodes larva were observed flipping to remove their 

temporary cases. No individuals of the other leptocerid genera were observed flipping. 

Using their markedly elongate hindlegs, leptocerid laniae al1 hold a stone, conifer needle 

or some other large object a small distance in front of the anterior opening of the case (URL: 
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acpivent.mov). The mandibles and other legs are free to find pieces nearby without being 

encumbered by the object. This was observed during portions of temporary case building and 

throughout permanent case building. Individuals were observed building without an object only 

during early temporary-case building. or when an appropriate object was not in the immediate 

vicinity. In some instances a large object was grasped before an individual searched for 

constniction materiais. 

Limnephilidae 

Perhaps not surprisingly, the Limnephilidae are the most intensively studied family in 

terms of its case-building behaviour. Consisting of 39 genera. it is the largest and most diverse 

family of Nearctic caddisflies. Most limnephilid larvae are large and easy to observe, and they 

typically reconstruct entire cases quickly using almost any material. These properties make 

observation and description of building more feasible. 

Both organic (Figs. 32a,b,c) and mineral (Fig. 32d) materials are used for case 

construction. S pecies that inhabit cool flowing water typically use rninerals. w hereas species in 

wamer standing waters use rnainiy plant matenal. This relationship corresponds broadly to 

sub familial groupings ( Wiggins 1996). 

Temporary case building descriptions for lirnnephilids are similar to those described in 

Appendix A (overview). although variable in their detail (Hanna 1960; Bernhardt 1965; 

Rowland and Hansell 1987). The stages of permanent case building also follow those in 

Appendix A (overview) with additional features noted here. 

MacKay (1972) studied piece selection behaviour in three species of Pycnopsyche and 

discovered that al1 three species selected organic materials but only the one species using 

mineral pieces for case construction selected mineral materials. 

During the fit-test, Rowland and Hansell (1987) noticed panels cut by Glyphotaelius 

pellucides were placed on the case in the next available space. as opposed to some orderly 

fas hion. 



23 1 

When silking, Bernhardt (1965) noticed that pieces were attached with silk deposited on 

the inner surface of the new piece and neighboring pieces by a sideways movement of the head. 

Limnephilids flip inside their permanent case to remove the temporary case. However, 

w hen Limnephilus polites larvae flip and nmove their temporary case. they also add several sand 

grains thus reducing the size of the posterior opening, before flipping back (Hanna 1957). 

Copeland and Crowell (1937) offered different building materials to a lirnnephilid that 

typically builds an oqanic, lop-cabin style case. Because the building method remained the 

same regardless of the materials offered these authors concluded that: (1) behaviourai patterns 

are not easily modified. (2) behavioural variation within a species is slight and (3) construction 

method and case f o m  are species specific and thus not contingent upon the matenai employed. 

Limnephilids are generally able to rebuild with most types of material. This is 

exemplified by the artist Huben Duprat who removed limnephilid larvae from their cases and 

gave them only pieces of gold and jewelry. The larvae successfblly reconstnicted luxurious new 

cases (Besson 199 1 ; ArnaUdet 1995). 

present studv 

Limnephilids are the most difficult group to categorize behaviourally. This is due in part, 

to the large number of species and the wide m a y  of case materials used in case building. 

Nonetheless. behavioural sirnilarities were identified among the 10 genera recorded. 

Limnephilids build both their temporary and permanent cases very quickly. and al1 

repnsentatives studied reconstructed their entin case. 

Limnephilid larvae are not markedly selective of pieces during the temporary case 

building. This non-selectivity is retained in some species, whereas in others lawae become more 

selective during permanent case building. Limnephilids have the ability to modify pieces, which 

may explain why the initial selection process is not as important as in other caddisflies. When 

determining a location to cut, a lama grasps a piece and altemates the placement of its legs on 

the piece thus moving the piece through the legs. The piece is the rotated in the legs and moved 

in the opposite direction until an appropriate cutting location is found. Dunng fitting, most 

individuais move dinctly to a particular location dong the antenor m g i n  of the case (it not 
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known how the location is selected). Pieces are either added to the antenor margin of the case in 

an alternate or an opposite pattern. ui an alternate pattern, a larva places a pieces on one side 

and the next on the other side of the anterior margin. if envisioning the anterior margin of a case 

as analogous to a clock. a piece added at 6 o'clock will be followed by the placement of another 

piece at approximately 12 o'clock. The following piece will be added nearby the original piece 

placed at 6 o'clock. In an opposite pattern numerous pieces are placed on one side of the 

anterior margin before the lama moves and adds numerous pieces to the other side (Appendix A: 

overview) 

Silking movements in limniphilid larvae are similar to those of lepidostomatids 

(Appendix A: Lepidostomatidae). If no adjacent pieces are present, only the posterior edge of 

the new piece is attached using anterio-posterior head movements. Larvae silk from one corner 

of the posterior edge of the new piece to the other comer before retuming to the original comer 

(URL: limnsilk(3).mov). If one neighbouring piece is present, the larva attaches the posterior 

edge fint using anterio-posterior head movements. Then it silks the lateral space between the 

new and the neighbouring piece by using lateral zig-zag movements of the head starting from the 

posterior comer of the new piece and moving anteriorly. The larva then moves down the same 

side of the new piece, either continuing the zig-zag silking in reverse, or by pulling one strand 

from the anterior to the posterior of the new piece. If the piece is neighboured on both sides, the 

lama silks the lateral portion of the new piece initially. When the luva reaches the posterior 

corner of the new piece, it moves across to the other corner using anterio-posterior head 

movements. The lama then silks the oiher lateral edge of the new piece. This process is 

repeated a number of times until the new piece is firmly attached to both neighbouring pieces 

(Fig. 6b). Limnephilid larvae occasionally reinforce the current ancVor previous rings using 

broad head movements, but the frequency of reinfomment varies among limniphilid genera. 

Occasionally. lamae were observed to flip and cut off their temporary case, however, more than 

one flip was not observed. 

Molannidae 
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Molannid larvae have among the most distinctive cases of any caddisfly. They are 

constructed of small Stones fonning a tubulu Structure with lateral flanges and a hood over the 

anterior opening (Fig. 33) (Wiggins 1996). The case is typically found slightly buned in the 

substrate such that the entire margin of the flange and dorsal surface are in contact with the 

substrate. 

Molannids build a pile of sand prior to temporary case building. The larva burrows head 

f ia t  into the pile connecting pieces to form an abdominal band. The larva then flips inside the 

band. so its head emerges frorn the pile. The side of the band oriented out of the pile then 

becomes the anterior margin where pieces are added until case completion (Copeland and 

Crowell 1937). Molannids bury themselves in the substrate prior to pupation (Wiggins 1996). 

Copeland and Crowell (1937) presented a variety of building materials to molannids but did not 

observe a change in building behaviour. 

Present studv 

Molanna sp. larvae are capable of rebuilding their entire case, although it is a slow 

process. Larvae do not appear to build more quickly during temporary case building than during 

permanent case building. To assess building khaviour in this group, portions of the anterior end 

were removed and repair behaviour documented. Larvae assesses the darnage to the antenor end 

of the case by moving around the entire margin pushing pieces with their head and forelegs. Siik 

is applied to many pieces and loose pieces are occasionally removed. 

Molannids are very selective when searching for pieces. A larva often selects a piece. 

handles it, and sometimes even moves to a particular location to assess fit before rejection. 

Molanna sp. larvae move extensively in search of appropriate pieces. They move in a unique 

fashion, outstretching their legs anteriorly, and then pulling iheir legs in synchrony posteriorly. 

Once the legs reach the head. the lama continues to move the legs posterîorly while curling its 

head toward the substrate until the head is bent and the legs outstretched, undemeath its body 

(URL: molmov.mov). The larva then outstretches its legs anteriorly npeating these movements. 

Of the genera studied, this npertoire is unique to the molannids. 
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Molannids determine the location of piece attachment by either testing a piece in various 

locations or by moving to a particular location that was markedly reinforced with sik (Appendix 

A: overview). Following removal of the anterior portion of the case, molannids build the dorsal 

surface Cjust the hood excluding the flange) until it reaches the substrate. Therefore, pieces are 

added such that the dorsal surface is extended and angled toward the substrate. Occasionally the 

lama raises a piece off the substrate. rotates inside the case until its ventral surface is oriented 

donally, extends over the anterodorsd rnargin of the case. and adds the piece to the dorsal 

surface of the case (URL: molptop.mov). Although this procedure is executed quickiy. at les t  

one strand of silk is used to attach the stone to the case. because it remains f i d y  in place. 

The lama begins construction of the lateral flanges by orienting its ventral surface 

dorsally and bending its body such that its head and legs are perpendicular to the long axis of the 

case. Pieces are added to the lateral margin of the dorsal extension evenly until the entire flange 

reaches the level of the substrate (URL: molflange.mov). Thus, pieces are not added to extend 

the anterior margin of the flange on the damaged case. Pieces are added to both lateral margins 

of the donai extension dunng flange building. 

Larvae silk pieces onto the case by first silking the postenor edge of the new piece using 

smail anterio-posterior head movements. Larvae then silk the lateral edges of the new piece by 

using small lateral head movements that broaden as the larva continues to silk the space between 

the new and the neighbouring pieces. Molannids reinforce only the pieces directly postenor to 

the new piece using very small head movements over spaces between pieces. 

Odontoceridae 

Odontocerids build predorninately straight stone cases without curvature or tapering (Fig. 

34). although those of Parthina and Pseudogoera are slightly tapered and curved. Most 

caddisfiy larvae silk the spaces between pieces and also spin a lining of silk throughout the inner 

surface of the case. Odontocerids silk extensively in the spaces between new and existing pieces, 

but unlike other caddisflies, do not spin a continuous lining of silk (Wiggins 1996). Wiggins 
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hypothesizes that this construction relates to the burrowing habit of this family because cases 

thus constmcted are less vulnerable to crushing in the shifting grave1 of river bottoms. 

Present study 

Because odontocerids cannot rebuild their entire case, only case repair was observed. 

Two genera were recorded. Psilotrea and Namamyia Case building in odontocends is a 

meticulous process with each stage k i n g  performed very slowly. Variation in searching time is 

marked. with larvae typically requiring more than 20 minutes to find appropriate pieces. During 

the selection stage many pieces are raised off the surface and immediately rejected. Others are 

raised and rotated extensively in the legs in a fashion that possibly provides an assessrnent of 

size. although cleaning or silking the stone may also occur. Once a suitable piece is found, the 

lama rotates iü body inside the case and proceeds to a location on the anterior margin. If the 

stone does not fit. the larva moves to another location or drops the piece. When starting a new 

row of pieces on the anterior margin of the case (i.e., al1 pieces on the anterior margin are flush). 

new pieces are placed leaving a gap between it and any other piece on the margin. until only 

gaps the size of a piece remain. The larva then searches for pieces to fil1 these gaps and adds 

pieces to the anterior margin until al1 the gaps are filled and the row complete. The method of 

piece placement in odontocerids is similar to that of helicopsychids (Appendix A: 

Helicopsyc hidae) . 

Three different movements are used to silk the space between the new and neighbouring 

piece. In the fint and most common silking movernent larvae 'spit' silk into the space between 

the pieces. Holding iis head straight the lama begins at the posterior edge of the new piece and 

slowly moves anteriorly while laying silk into the gap between the two pieces. The second 

silking movement is an extension of this first movement. Occasionally, the 'spitting' motion is 

extended up and over the case margiii to silk the space between the new and neighbouring piece 

on the exterior of the case (üRL: odonover.mov). In the third movement, larvae tilt thek heads 

sideways and then use side-to-side head motions in the space. Larvae were not observed using 

any broad head movements or case reinforcement. The e n t h  piece addition process can take up 

to 25 minutes. 



Phryganidae 

Three main case types are found in the Phiyganeidae. Yphria californicn build irregular 

cases (Fig. 35a) by placing mineral, organic or detntal pieces around their body with no regular 

arrangement. Spiral case building genera cut and place organic material side by side. with each 

piece positioned slightiy ahead (antenor) of the previous pieces. resulting in a continuous spiral 

(Figs. 35b.c). Ring case building generri place organic materiai. usually cut from leaves of 

deciduous trees. into discrete rings joined end to end (Fig. 35d). Like limnephilids, phryganeid 

larvae are large, easily observed. and al1 representatives cm reconstruct their cases with relative 

ease. In addition to the behavioun described in Appendix A (overview), Williams and Penak 

(1980) and Fankhauser and Reik (1935) noted that pieces were cleaned after being cut and that 

larvae secreted silk in a zigzag pattern to form the inner wall of the case. In later stages of 

building. Larvae withdrew into the case and laid down more silk (Fankhauser and Reik 1935). 

Phryganeids c m  flip and repair the posterior end of the case if damaged. They c m  also readily 

recognize and re-enter their cases if ejected (Memll 1969). 

Agrypnia pagerana was noted occasionally using hollow plant stems for cases instead of 

building a new case. They were even observed abandoning their built case for an available 

hollow stem (Otto 1987a). 

Most phryganeids use their larval case as the pupal shelter. Yphria californica, on the 

other hand, builds an entirely new case prior to pupation (Wiggins 1962). Wiggins ( 1962) is 

unsure if Y. califbmica larvae abandon their larval case, building an entirely new case for 

pupation, or altematively if larvae build a pupal case onto the anterior margin of the existing 

larval case and then rernove the larval case. Al1 phryganeids burrow into sediment to pupate 

(W iggins 1996). 

IksswwY 

After being expelled from their case. al1 phryganeids except Beothuhs rebuilt an entuely 

new case. Yphria larvae abandon their cases almost immediately when removed from water (N. 

Eman. pers. comm.. 1998). Other phryganeids do not vacate as readily. but with a gentle prod 
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to the posterior end. al1 luva except those of Beothukus vacate quickly. Beothukus larvae do not 

readily vacate their cases and are unable to entirely rebuild once evicted. Accordingly. only case 

repair behaviour was recorded for Beothukus larvae. 

Phryganeid larvae build their temporary case quickly. thea slow the building process 

during permanent case building. Larvae flip occasionally while building both their temporary 

and permanent cases, as well as to cut off the temporary case (URL: yphflip.mov). Yphria. 

Prilosromis and Oligos~mnis larvae remain stationq during the searching stage of temporary 

case building typically because their temporary case is affixed to a larger, immobile, object, 

larvae of other phryganeid genera move about freely during temporary case building. Al1 

phryganeids perform al1 six stages described in Appendix A (overview). Larvae are highly 

selective during permanent building with those of most genera cutiing appropriately sized pieces 

from submerged vegetation. Larvae of Y. colfimica rarely cut vegetation but reject many 

pieces before finding one for addition to the case. Phryganeid larvae pexform the handling stage 

on each piece before adding it to the case. When preparing to cut a piece. phryganeid larvae 

manipulate the piece in a distinctive rnanner. Initially the lama has its ventral surface facing the 

piece. At some point, usually when the lama reaches the end of the piece, the larva altemates the 

placement of its legs, such that legs on the left side of the piece are placed where the right legs 

had previously been. This results in the body bending in a 'UT shape. with the dorsal surface 

bending back upon itself and both anterior and posterior ends of the lasva facing the same 

direction (URL: beoupdown.mov). The lama moves dong the piece in this bent position until it 

reaches a location to cut. 

Two piece measuring methods are evident in the Phryganeidae. Measuring pieces is 

evidently important for al1 phryganeids except Yphria larvae. Bonksiolo and Fabria larvae 

measure by beginning at one end of a piece and moving the piece through its legs to a particular 

spot, at which point the piece is cut. (URL: banklcut.mov). The location of cutting is 

presumably determined by relative body size (Le.. spread of legs). Al1 other phryganeid larvae 

begin at one end of a piece move the piece through its legs to a particular spot. and then ntums 

back to the original starting point (URL: phryg2cut.mov). They move the piece thrwgh its legs 
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once again before making a cut, thus measuring twice before cutting. This process was observed 

for al1 pieces used by a particular individual. 

Variation also exists in whether larvae attach pieces to their case without alteration. 

Even when Phryganes and Agrypnia larvae cut pieces from leaves the piece typically requires 

further modification before attachent (URL: agralt.mov). Larvae of other phryganeid genera 

cut a piece and add it directiy to the case without alteration. Ringcase making Beothukus larvae 

add pieces onto their case without alteration. However, once an entire ring has been completed, 

the Iarva moves around the anterior margin cutting al1 pieces to the same length. No piece 

cutting behaviour was observed in Yphria l w a e ,  therefore it is unknown whether larvae 

mesure or modify pieces. 

The location for piece addition is determined prior to searching for a piece for al1 larvae 

except Yphria. Larvae rotate inside the case and eventually pause for a few seconds with their 

ventral surface in a gap in the case and begin searching for the next piece (URL: oligingap.mov, 

beogapmov). This location is almost invariably where the new piece is added (URL: 

01igofit.mov). Yphriu larvae rotate inside their case until their ventral surface is oriented ioward 

the substrate (URL: yphsub.mov). After selecting a piece, lwae  move with the piece attempting 

to place it in various locations either finding an appropriate location. or eventually dropping the 

piece. 

During permanent case building, Agrypnia and Phryganen larvae may occasionally use a 

'guy line' to make a temporary connection between a large piece and the case. The process 

begins when a lama cuts a small piece off a larger piece (e.g.. conifer needle). The lama holds 

the small piece in its hindlegs and draws a strand of silk ('guy line') from its initiation point on 

the remaining large piece to its termination point on the anterior margin of the case. The small 

piece is then moved from the hind legs to the forelegs and attached to the anterior margin of the 

case. Once the small piece is attached the lama locates the 'guy line' and follows it back to the 

rernaining large piece and begins measuring the aext piece (URL:phryggy.mov, agrgy2.1110~). 

Agrypnia, Banksiola, Beothukus, Fabriu, and Phrysanea larvae place most pieces side- 

by-side around the anterior margin, thus each piece is typically neighboured by one piece. 
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Occasionally (at least once for each ring or spiral) the lama will add a piece or two whete no 

adjacent piece exists. The larva will then retum to the original m a  of building and continue to 

add pieces in order around the margin (URL:fabsilk2.mov). Once the addition of pieces to the 

original area reaches the unneighboured pieces it is impossible to tell they were not added to the 

case in order. This pattern of piece addition is termed side-by-side and altemate. Oligostomis. 

Ptilostornis and Yphria larvae use the mon common 'opposite' pattern (Appendix A: Overview). 

Numerous pieces are placed on one side of the anterior rnargin (area between hypothetical 12 

and 6 o'clock) and subsequent pieces are added to the opposite side of the anterior margin (area 

between hypothetica.16 and 12 o'clock). 

Al1 phryganeids lay down silk in a sirnilar fashion. beginning at the posterior edge of the 

new piece and silking anteriorly in a zigzag motion crossing back and forth between the new 

and adjacent pieces. When the lama reaches the anterior margin of the case. ir draws one long 

strand to the posterior edge of the new piece on the opposite side and begins silking antenorly 

(Figure 6d). This process is performed at least once per side. After pieces are attached, a larva 

either pushes on the new piece with its head (Yphrio. Ptilostornis, Oligostomis, Beothukus, 

Agrypnio and Phryganea) (URL: beoinpull.mov). or pulls on it with pro- and rnesothorasic legs 

(Banksioln and Fabria), possibly to ensure attachment (URL: fabsilk2.mov). Additional silk is 

occasionally added after these movements. Reinforcement silking (silking adjacent pieces on the 

current ringlspiral being built) is performed by al1 phryganeids. although Yphria iarvae only 

reinforce pieces adjacent to the new piece whereas larvae of al1 other genera reinforce the 

adjacent pieces and occasionally the entire ring or spiral. Deep reinforcement (silking previous 

ringsispirais) is exhibited by larvae of only certain phryganeid genera (absent from Agrypnia. 

Beothukus and Phryganea). 

Sericostomatidae 

Sericostomatids cases are composed of mineral fragments shaped in a taperrd and curved 

cylindrical form. with the posterior opcnings gnatly reduced by silk (Fig. 36) (Wiggins 1996). 
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Although Rennerich and Schumacher (1984) made no direct observation of Sericostoma 

personarum case building. they hypothesized that individuals flip and cut off portions of their 

case from the inside. When larvae were placed head first into cases, they were triggered to cut 

off the posterior end of the case. This took approximately 10 hous. with the majority of time 

spent initiating the cut. No individuals reduced the posterior opening when the larvae were 

placed into the case in this manner, which lead Rennerich and Schumacher (1984) to believe 

anoiher flip was required. 

Prestidge (1977) provided a detailed description of case building behaviour in 

Pycnocentrodes aeris. This species has a markedly tapered case and thus larvae cannot flip 

within their permanent case to cut off their temporary case (Prestidge 1977). Similarly. if the 

postenor end of the case becomes damaged, the larva cannot flip to repair it. When necessary, 

larvae exit their case and crawl dong the outer case surface to reach the posterior end. Once 

there, the lama cuts off its temporary portion or repairs the damage. depending on the 

circumstance. The lasva then reduces the posterior opening with silk. leaving only a small hole 

and crawls back up the case and re-enters the anterior end (Prestidge 1977). The differences 

noted in the two published behavioural descriptions could represent species differences. 

Alternatively , Rennerich and Schumacher ( 1984) may have elicited an atypical behaviour by 

placing l iwae in head fiat. 

When Prestidge (1977) placed an expelled lama near its original case the larva would 

readily re-enter its case. Whether larvae re-enter head fmt and then flip, or re-enter backwards. 

is not described. A lama would not enter any other case, and if left caseless for a long period of 

time (13 minutes) would not re-enter its own case. in such an instance, a lava builds an entirely 

new case (Prestidge 1977). 

Uenoidae 

Two case types (which comsponds with subfarnilial groupings), exist in Nearctic 

uenoids. The Uenoinae (Neorhremma. Fa rula and Se ricostria ta) larvae build markedly slender 

cases from tiny sand grains, or from silk alone. Uenoines are confined to cool. rapid headwater 
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streams. The Thremrnatinae (Neophylax and Oligophlebodes) consmct stout cases of coarse 

rock fragments (Fig. 37) (Wiggins 1996). Oligophlebodes larvae also occur in cool, rapid 

headwater streams, but some Neophylax larvae are found in wanmr, slower downstnam 

habitats. About half of ali uenoid species belong to the genus Neophy1a.r. 

No case building literature of any uenoid was located. 

Present study 

Tluee species of ucnoids were coilected in the present study: Farda. Neothremma and 

Neophylar. Neither Farda nor Neothremma w e n  able to rebuild or repair any portion of their 

case. contrasting with Neophylax, whose larvae entirely rebuilt their cases. The plesiotypic 

habitat for Uenoids is presumed to be cool, running water (Vineyard et ai. in press in Wiggins 

1996). As Neophylax is the only uenoid genus whose larvae occur in w m e r  water, perhaps 

their ability to rebuild their cases is correlated with a shift from cool water. 

The following description of case building pertains only to Neophylar larvae. Larvae use 

a unique method to construct the abdominal belt. Rocks are strung together in a row using silk 

(about 4 pieces). Then, while holding the last piece in the row with its mandibles. the lama rolls 

360" from its ventral surface, onto its dorsal surface and back to its ventral surface. The last 

piece in the strand remains on the substrate and the strand of pieces is wrapped around the 

abdomen (URL: neotemp.mov). The lama then attaches the two ends together to form a belt 

around its abdomen. Temporary case building then proceeds with pieces being attached to this 

belt quickiy with little discrimination until covering the body. 

Larvae are more selective when searching for permanent case pieces. When a large stone 

is encountered, the lama places its mouthparts on the top of the stone and drape its pro- and 

mesothoracic legs over the stone. The stones are either immediately pushed aside or spun 

around while on the substrate and then either pushed aside or raised off the substrate. No stone 

raised off the surface was dropped. indicating that it was evaluated prior to k i n g  lifted. The 

larva then spins the piece using both its legs and mouthparts. The location for each piece 

attachment is determined by the location of termination of the reinforcement silking. After a 

piece is attached to the case, a lama reinforces adjacent pieces inside the case. When a lama 
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encounters a gap, it stops reinforcing, and begins searching for a piece that will eventually fil1 

this gap. A larva either cornes out at that location, or rotates in the case (without silking) and 

cornes out at another location but it always goes to the spot where the reinforcement was 

terminated to add the nexr piece (Appendix A: overview). Pieces are placed in an altemate 

pattern around the anterior margin (Appendix A: Limnephilidae). The larva uses only small 

lateral or transverse motions of the head to silk a piece, wider spinning motions were not 

observed. Reinforcement occun after the addition of each piece using broad head movements 

on most or al1 pieces in the present ring. 



Figure 23. Case of Glossosomatidae: Glossosoma 

Figure 24. Case of Hydroptiiidae: Hydrotila 

Figure 25. Case of Hydropsychidae: Hydropsyche 
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Figure 24 

Figure 25 



Figure 26. Case of Brachycentridae: (a) Brachycentru, (b) Amimentru. 
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Figure 27. Case of Calamoceratidae: Heteroplectron. 

Figure 28. Case of Goeridae: Goera. 

Figure 29. Case of Heiicopsychidae: Helicopsyche. 
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Figure 30. Cases of Lepidostomatidae: Lepidostoma (a) four-sided case, (b) Stone case, (c)  case 

of laterally placed twigs. (d) spiral case. 
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Figure 3 1. Cases of Leptoceridae: (a) Ceraclea; (b) Leptocems; (c) Mystacides; (d) Nectopsyche; 

(e) Oecetis; (f) Setodes; (g) Trioenodes. 
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Figure 3 1. Continued 
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Figure 32. Cases of Limntphilidae: (a) Plarycentropus; (b) Hydatophylax; (c) Limnephilw (d) 

Dicosrnoecus. 
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Figure 33. Case of Molannidae: Molanna. 

Figure 34. Case of Odontocendae: Psilotreta. 



Figure 33 Figure 34 



Figure 35. Cases of Phryganeidae: (a) irregular case as exemplified by Yphriu; (b) spiral case as 

exemplified by Phryganes; (c) spiral case with trailing edges of Fabrio; (ci) ring case as 

exemplified by Ptilostomis. 
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Figure 36. Case of Sericostomatid: Gwnaga. 

Figure 37. Case of Uenoidae: Neophylar. 
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IPTIONS OF BUUgING BEBAVIOUR OF D I S T A N U  

PRODUCE C U E S  OF S-R F O U  

Leptocerus and Amiocentrus larvae build cases of silk. Amiocentras larvae may also 

include some organic material during case building, but large portions of the case are composed 

entirely of silk (Wiggins 1996). Leptocerus lawae inhabit ponds or small lakes whereas 

Amiocentrus larvae occur in larger streams or riven with moderate current (Wiggins 1996). 

Both genera are closely associated with aquatic plants. Amiocentrus with various rooted aquatic 

plants or moss, and Leptocerus with various submersed aquatic plants, such as Cerurophyllwn 

(Wiggins 1996). Larvae of both genera rnove about the plants using their legs and are not in 

contact with any other surface. Therefore, larvae hang vertically from the plants (URL: 

micraspin.mov). 

Two similarities are evident in the building behaviour of ihese two genera. Fint, neither 

is able to entinly rebuild their case. The large amount of energy required to build predominantly 

silken cases is presumably not available to late-instar larvae. Integnpalpian larvae begin case 

building in the fint instar. and for most species, the case is eniarged at each larval instar. Thus. 

if a larva can rebuild iis case following ejection. it must be able to quickly construct a 

replacement case of similar dimensions to the original. Lame of many species are capable of 

rebuilding their case because they use large pieces of mineral or organic material. However, 

taxa that build predorninantly silk cases (e.g.. Amiocentrus, Loptocerus and Ceraclea), or those 

that use many small pieces that require considerable silk to assemble (e.g.. P silotreuta, Ceraclea 

and Farula) are unable to entirely rebuild cases when ejected. 

The second similarity is the mandible position during silking. Larvae place their 

mandibles on the surface of the anterior margin to increase the size of the case. Thus the head 

proenides slightly from the case. 

Differences in case building between Leptocetus and Amiocentrus axe numerous and oaly 

some will be described here. The two genera use diffennt methods to nmain in contact with 
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their associated plants while building. Leptocerus larvae use their elongate hind legs to hold 

ont0 the vegetation while moving about or building the case. Amiocenrrus larvae use silk to 

attach the anterior margin of their case to the vegetation while building, thus leaving al1 legs 

free. 

The method of silking the case also differs between Leptocerus and Amiocentrus. 

Leptocerus uses two silking methods, one for extending the margin of the case and one for 

reinforcing the interior of the case. Silk is added to the margin using very shon lateral hrad 

movements with the rnandibles on the case margin. The addition of this silk extends the margin 

and thus increases the overall length of the case. Larvae also silk deeper into the case. 

reinforcing the intedor by using a figure 8 movernent of the head. The larva starts the 

reinforcement silking at the rnargin and draws a strand posteriorly in an 'S' motion. The luva 

moves down into the case approximately 116th of its body lcngth. before moving anteriorly and 

completing the figure 8 movement. The lama then rotates approximately 115th of the 

circumference of case margin and repeats the figure 8 movements. Five or six of these 

movements are made before the lama completes the reinforcement silking around the 

circumference of the case. Amiocentrus uses one set of movements to spin onto the margin and 

reinforce the case. Silk is added fint to the margin by the larva moving its head a shon distance 

along the margin in one direction and then retuming back to the original location (e-g.. point a on 

the anterior rnargin, to point b then back to point a). It then moves using a 'v' motion from the 

margin (a), deeper into the case and back to the margin (b), moving in the same direction and 

distance as the initial movement along the margin. Thus, the larva siks dong the margin (a to b) 

and back (b to a) and then in a 'v' motion until reaching the margin (b). The lama then moves 

further along the margin (b to c) and back (c to b) and then in a 'v' movement back to the rnargin 

(c). The larvae is slowly rotating around the circumference of the case, and continues until it 

rotates halfway around the circumference of the case. Ail of these steps are repeated in reverse 

(e.g., c to b, b back to c, 'v' motion from c to b) until the lama reaches the initial point of 

building. The lama silks one half of the case circumference repeatedly before building the oiher 

half of the anterior margin. Amiocenfrus has a unique behaviour of s i l b g  on the anterior margin 
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as well. The larva moves perpendicular to the case margin. and with mandibles attached, it silks 

up and over the margin and ont0 the exterior of the case. The larva then moves back into the 

case in reverse. Dunng this behaviour, the head and thorax are well outside the case with the 

lama bent over the case margin. The lama perfoms this movement repeatedly. before retuming 

to the silking of the case interior. Therefore, Leptocerus and Arniocentrus larvae use very 

different rnethods to extend and reinforce their cases. 

fbfo.lo[unna Cviolannidael (Fi. Q 20aI versus Ceraclea (I .eotocendae) (Fg. 2Ob) 

ALI Molanna and some Ceraclea larvae build Stone cases with lateral flanges. Molanna 

spp. occur in lakes or slow flowing regions of streams or rivers (Wiggins 1996). Larvae for this 

study were collected from standing m a s  of a slow flowing Stream near Dorset, Ontario. 

Ceraclen species occur in habitats ranging from lakes to rapidly flowing rivers. The flanged 

Ceraclea used in this study were collected from the shoreline of Lake Opinicon, Ontario. 

The only behavioural feature shared between Molanna and flange-building Ceraclea is 

the building of an extended anterodorsal surface of the case. After approximately 114 of the 

larval case was experimentally removed, larvae fint built on to the anterodorsal surface before 

building the anterior margin of the lateral and ventral surfaces. The anterodorsal margin was 

always extended beyond the ventral or lateral margins. Both groups retained an extended 

anterodorsal margin at the completion of case building. Al1 leptocerids build an extended 

anterodorsal margin. 

The distinctive feature of the cases, the presence of the lateral flange, is built differently 

in Molannu and flange-building Ceraclea Molanna larvae build the dorsal surface prier to 

building the flange, whereas Ceraclea build both the dorsal surface and the flange together. The 

dorsal surface and the Banges on wild collected Molunna cases an extended to the level of the 

substrate. After removal of the anterior portion of the case Molanna larvae spend extended 

periods of time trimming the damaged m a s  of the case. Then larvae build the anterodonal 

surface until it is extendcd to the level of the substrate. Once the anterodorsal surface is 

completed, the lama begins construction of the flange. The larva rotates in the case such that its 

venual surface is oriented dorsally. It then beads the anterior portions of its body laterally so 



266 

that its head is perpendicular to the long axis of the case and protnides out of the gap between 

the lateral edge of the anterodorsai margin and the substrate. The lateral margins of the 

anterodorsal extension are now functionally the antenor margins. Pieces are added to al1 anas 

of both lateral margins until the flange reaches the substrate on both sides. Conversely, when the 

anterior portion of Ceraclea cases are removed, larvae attach picces to the anterior margin of 

both the flange and dorsal surface. Therefore. larvae extend the flange and the dorsal surface 

anteriorly as a unit. 

Molanna l w a e  are able to rebuild their entire case, whereas flange-building Ceraclea 

larvae are not. This is likely due to the difference in silking behaviour between the two taxa. 

When Ceraclea larvae add new pieces to their case, they concentrate silking in the space 

between the new piece and adjacent pieces. A larva makes very short lateral head movements to 

apply silk into the space. This is a slow process, and the expenditure of energy appears to be 

great. As a result, Ceraclea cases are extrernely rigid. In conuast, Molanna larvae place strands 

of silk from the new piece across the space to the adjacent piece with little or no silk ernitted into 

the intervening space. Moianna larvae add pieces more quickly and appear to require less silk 

for case construction resulting less rigid cases. 

phvlnr (Umoidae) (Fig, 2 la) - Silo (Goeridae) (Fig 2 1 b) 

Neophylax sp. and Silo pallipes have stream dwelling larvae that both build stone cases 

with large lateral ballast stones. 

The similar feature between the cases are the lateral ballast stones however, the stones 

are attached using different behavioural repenoires. Silo pallipes larvae build a new case at each 

larval instar, the new case king built ont0 the anterior end of the previous case (Hansell 1968b; 

Wiggins 1996). After completion, the old case is removed. When building its new case, a larva 

adds one large ballast stones to each side f i t  and then fiiis-in the dorsal and ventral portions of 

the case with smaller stones (cf. Hansell 1968b: fig 1). Hansell (1968b) removed one lateral 

stone shonly after attachent and noted that the larva replaced it before proceeding with the 

consuuction of the dorsal or ventral surfaces of the case. Neophylar larvae add pieces ont0 the 

anterior margin of the case duriag each instar, but do not remove the portion chat was previously 
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built. During temporary case building. al1 stones are of similar size and al1 surfaces of the 

anterior margin are constmcted at an equal rate. During permanent case building the lama 

places larger-sized pieces laterally, but as in temporary case building, al1 pieces, regardless of 

size, are attached to the anterior margin at any given time. Therefore. the anterior margin is 

extended at a similar rate on ail sides. When a large stone is added to the lateral margin of the 

case, additional stones will not be attached to the anterior margin of this piece until the rest of 

the anterior margin is extended anteriorly as far as the lateral stone. 

Trinenodes (1 entoceridae) (Fb 22a) - Phrygmeci ( P m -  

Triaenodes and Phryganea larvae build cases of organic material arranged in a spiraling 

pattern. Larvae of both genera occur along the margins of lakes, ponds or marshes (Wiggins 

1996), although certain Triaenodes species inhabit moving water and some Phryganea species 

live in relatively deep water in lakes. Both Triaenodes and Phryganea larvae are able to 

reconstruct their cases if evicted. 

Two similarities in building behaviour are evident in the two groups. Fiat, the spiraling 

form of the permanent case results from the anterior margin k ing  unequai at the completion of 

temporary case building. During temporary case building, pieces are attached such that the 

anterior margin of the case is slanting, one area of the margin is furthest anteriorly and the 

opposite area furthest posteriorly, with portions in-between gradually connecting the two. 

Second, individuals use a similar silking method to add pieces to the case. Al1 larvae begin 

silking at one corner of posterior edge of the new piece. Silk is placed back and forth across the 

space between the new and the neighbouring piece while the lama slowly rnoves anteriorly. 

Once at the anterior margin. the larva pulls a strand of silk from the anterior margin posteriorly 

to the opposite comer of the posterior edge of the new piece. Larvae spin silk across the space 

between this side of the new piece and its neighbounng piece moving anteriorly and pulls a 

strand from the anterior margin to the original posterior comer of the new piece. If the new 

piece is not neighboured on one side. the lama moves only a short distance anteriorly before 

puliing a suand across to the opposite side of the new piece. 
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There are diffennces associated with both the initiation of spiraling and method of 

silking discussed above. Although temporary case building results in a slanting anterior margin, 

the method of temporary case building differs arnong the two genera. Phryganea builds its 

temporary case quickly. using large pieces placed parallel to its body. Its body is entirely 

covered before permanent case building begins. Triaenodes larvae use smaller pieces placed 

perpendicular to its body. Triaenodes larvae build their temporary case slowly and do not cover 

their entire body More building their permanent case. 

The silking method also differs between the two taxa. Triaenodes uses a figure 8 motion 

when moving anterior during piece addition. whereas Phryganea moves its head in a zig-zag 

motion. Therefore, although the same general silking pattern is followed, the head movements 

of the larvae differ. The silking motions observed for Triaenodes and Phryganea are consistent 

with other congeners in their respective families. 

The distinguishing feature of these cases is the spiraling pattern, and one might expect 

that during permanent case building. pieces are added side-by-side to produce this pattern. 

Triaenodes larvae do, in fact, place pieces side-by-side throughout permanent case building. 

Phryganea larvae, on the other hand, place many pieces side-by-side, but always position at least 

one piece per spiral some distance from its nearest neighbour. The larva then retums to add 

pieces beside the initial pieces and continues to build side-by-side, eventually reaching the 

isolated piece. When studying a completed Phryganea case it is not possible to distinguish the 

pieces placed in isolation. 




