
Factors determining host plant
range in two lycaenid butterflies.

Item Type text; Dissertation-Reproduction (electronic)

Authors Carey, David Brennan.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:23:06

Link to Item http://hdl.handle.net/10150/185907

http://hdl.handle.net/10150/185907


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs~ print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 

to order. 

U·M·I 
University Microfilms International 

A Bell & Howell Information Company 
300 North Zeeb Road. Ann Arbor. M148106-1346 USA 

313/761-4700 800,521-0600 





Order Number 9234902 

Factors determining host plant range in two lycaenid butterflies 

Carey, David Brennan, Ph.D. 

The University of Arizona, 1992 

V·M·I 
300 N. Zccb Rd. 
Ann Arbor. MI 48106 





FACTORS DETERMINING HOST PLANT RANGE 

IN 1WO LYCAENID BUTTERFLIES 

by 

David Brennan Carey 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF ECOLOGY AND EVOLUTIONARY BIOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1992 



THE u~IVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee. we certify that we have 

read the dissertation prepared by ___ D_a_v_i_rl_B_r_e_n_n_a_n_C_a_r_e_y _____________ _ 

entitled FACTORS DETER.).fINING HOST PLANT RANGE IN T\VO LYCAENID BUTTERFLIES 

-------------~~ .. ~-.------------------

and recm.mend that it be accepted a6 fulfilling the dissertation 

requirement for the Degree of Doctor of Philosophy 

2 0... 3...Jl.-1" V", 0 cA b. ___________ _ 

Elizabeth A. Bernays ~ 
6/22/92 

Date 

~4~Q ;r;; A. Mora~ 
6/22/92 

J. Bruce Walsh Date 

6/22/92 
Dace 

6/22/92 

D.1. Venable 
Date 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

~'2 0~v,~ 
6/22192 

Date 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of requirements 
for an advanced degree at The University of Arizona and is deposited in the 
University library to be made available to borrowers under rules of the library. 

2 

Brief quotations from this dissertation are allowable without special 
permission, provided that accurate acknowledgement of source is made. Requests 
for permission for extended quotation from or reproduction of this manuscript in 
whole or in part may be granted by the head of the major department or the 
Dean of the Graduate College when in his or her judgement the proposed use of 
the material is in the interests of scholarship. In all other instances, however, 
permission must bf obtained from the author. 

SIGNED: 

-~ //~ -g/-,,~ Go 



3 

ACKNOWLEDGEMENTS 

To those who place a gnatcatcher's chatter above a curriculum vitae, a risky 
dream above a secure rut, the means above the end. To those who have trodden 
the winepress alone. You know who you are. You made all the difference. Thank 
you. 

I give special thanks to my advisor, Elizabeth Bernays, for support of every 
kind, and to field assistants: Ian Billick, Kerry Bright, David Bryant, Jennifel 
Carey, Amy Hilmonowski, Robin Kropp, Jack Perrin, and David Wilson. Herr 
Michael Wink was extremely generous with his knowledge and facilities. Nancy 
Moran, Judith Bronstein, Larry Venable, Rob Colwell, Shahid Naeem, Reg 
Chapman, Brent Danielson, Jerry Howard, Andreas Detzel, and Larry Gilbert 
have all offered valuable help and/or advice. This research was supported by a 
NSF predoctoral fellowship, a Synder grant from RMBL, $lnd a Research Support 
Grant and Graduate Student Program Development fund grant from the 
University of Arizona. 



TABLE OF CONTENTS 

LIST OF ILLUSTRATIONS •••••••.•••••••••••.••••••••••••••••••••••••• 7 

LIST OF TABLES ••••...........•••..........••••••••..•..••.••....•• 8 

ABSTRACT •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 9 

INTRODUCTION ••••••••••••••••••••••••••••••••••••••••••••••••••••• 11 

CHAPTER 1: Oviposition Preference in Glaucopsyche lygdamus 
(Lycaenidae): a field study •••••••••••••••••••••••••••••••••••• 12 

Abstract •••••••••••••••• 
Introduction. 
Methods •••••• 

Determination of oviposition preference .• 
Host plant and site monitoring ••••••••••• 
Egg monitoring ••••••••••••••••••••.•••••• 

Results ................................................ . 

• ••••••• 12 
• •• 12 
• •• 15 
• •• 17 

• ••••••• 19 
• ••••••• 19 
• ••••••• 20 

Gold Basin area •••••••••••••••••••••••••••••••••••••••• 21 
Prealight host discrimination •••••••••••••••••••••• 21 
Effect of nonrandom alighting.............. • •• 25 
Postalight discrimination................ • •• 27 
The effect of experience................. • •• 27 
Shifting patterns of host species utilization 

over the season •••••••••••••••••••••••••••••••••• 31 
Variations in host-use patterns across seasons ••••• 35 

Fantasy Ranch Site ••••••••••••••••••• 
Oviposition preference •••••••••••••••••••••••• 

.36 

.36 
Shifting patterns of host species utilization 

over the season •••••••••••••••••••••••••••••••••• 38 
Shifting patterns of host species utilization 

across seasons. • •• 40 
Discussion •••••••••••••••••••••••••••••••••••••••••••••••••• 42 

CHAPTER 2: Factors Influencing G. lygdamus (Lycaenidae) 
Larval Performance: from Cows to Quinolizidine Alkaloids •••.••• 47 

Abstract •••••••••••••••••••••• 
Introduction •••••••••••••••••• 

• ........ 47 
· ...... . 48 

Methods ••••••••••••••••••••••••••••••••••••••••••••••••••••• 49 
The butterfly--G. lygdamus ••..••.••••.•••.•.•••• 
Site descriptions ••••••••••••••••••••••••••••••• 
Bitter and sweet lupine... • ••••••••••••••••••• 
Larval monitoring ••••••••• 
Host-plant monitoring ••••• 

• ••••••• 49 
.50 
.51 
.52 
.53 

4 



Tab1e of Contents (Continued) 

Phenology experiments ••••••.•••••• 
Larval growth in cups •••••••••• 
Chemical analysis •••••••••••••• 

Results ••••••••••••••••••••••••••••••• 
Larval mortality in the field ••••• 

Gold Basin site ••••••••••••••• 
Fantasy site ••....••..•.•••..• 

Larval growth in the field •••••••• 
Gold Basin site •••••••••••••• 
Fantasy site ••.•••••••••••••• 

Flowering phenology •••••••••••• 
Field correlations ••• 

• ••••••••••••••••••• 54 

. " " " " " " " " " " " " " " " " " " " 55 
• •••••••••• 55 
• •••••••••• 57 
• •••••••••• 57 
• •••••••••• 58 

" " " " " " " " " " " " " " " " " " " " 61 
• •••••••••• 63 
• •••••••••• 63 

" " " " " " " " " " " " " 63 
..64 
..64 

Experiments" " " " " " " " " " " " " " " " " " " " " " " " " " " ,,67 
Flower availability: differences between host species 

influence larval performance •••••••••••••••••••••••••• 69 
Alkaloid analysis •.••••••••••••••••••••••••••••••••••••• 70 
Larval performance in the laboratory •••••••••••••••••••• 75 

Ant attendance""""",,"""""""""""""" " " " " " " " " " " " " " " " " " " " " 78 
Gold Basin site •••• 
Fantasy site ••••••• 

• •••••••••• 78 

" " " " " " " " " " " " " " " " " " " " 78 
Discussion" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " ,,81 

Larval surivorship in the field ••••••••••••••••••••••••• 8l 
Ant attendance •••••••••••••••••••• " " " " " " " " " " " " " " " ,,82 
Larval growth in the field •••••••• • •••••••••••• 83 
Implications for host range ••••••••••••••••••••••••••• 85 
The relationship between larval performance and 

oviposition preference •••••••••• • •••••• 86 
Comparisons to previous research.... • ••••••••••••••• 87 

Conclusions" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " ,,89 

CHAPTER 3: The Patch Dynamics of Glaucopsyche lygdamus 
(Lycaenidae): Correlations Between Butterfly Population 
Density and Host Species Diversity ••••••••••••••••••••••••••••• 90 

Abstract ••••• 
Introduction. 
Methods •••••• 

Gold Creek survey. 
Patch survey •••••• 

Results ••.•••••••••••• 
Creek survey ••• 
Patch survey ••• 

Discussion ••••••••• 

••••••• 90 

" " " " " " ,,91 
" " " " " " " " " " ,,92 
• •••••••••• 92 

" " " " " " " " " " " " " " " " " ,,93 
• ••••••••••••••••• 95 

" " " " " " " " " " " " " " " " " ,,95 
" " " " " " " " " " " " " " " " " " 99 
" " " " " " " " " " " " " " " " " 104 

5 



Table of Contents (Continued) 

CHAPTER 4: Oviposition Preference and Larval Performance 
Studies with Plebijus icariodes (Lycaenidae) •••••••••••••••••• 112 

Abstract ................ . ................... .. 112 
Introduction ............................................... 113 
Natural History •••••••••••••••••••••••••• 
Methods ••••••••••••••••• 

.114 

.115 
The study site.................. • •••••••••••••••••••• 115 
Oviposition preference in the field •••••••••••••••••••• lls 
Determinations of oviposition preference. 
Egg location on plants ••••• 

• ••••••••• 117 
• ••••••••• 118 

Pubescence studies......... • ••••••••• 119 
Larval survival ar.d growth in the field •••••••••••••••• 120 
Bitter and sweet lupine •••••••••••••••••••••••••••••• 120 
Larval preference •••••••••• . ................ .. 121 

Results .................................................... 122 
Oviposition preference in the field •••••••••••••••••••• 122 
Prealight and postalight preferences ••••••••••••••••••• 123 
The influence of experience..... • •••••••••••••••••• 123 
Egg location on the plant......... • •••••••••••••••• 127 
The role of pubescence............ • •••••••••••••••• 130 
Larval survival, growth and preference ••••••••••••••••• 134 

Discussion ••.•••••••• • ••••••••• 137 
Why old leaves? ••••••••••••••••••••••••••••••••••••••• 138 

CHAPTER 5: Diapause and the Host Plant Affiliations of 
Lycaenid Butterflies •••••••••••••••••••••••••••••••••••••••••• 142 

Abstract ••••••••••••••••••••••••••••••••••••••••••••••••••• 142 
Introduction .•..••••••••••.••••••••••• 
Studies on two lycaenid butterflies ••• 

Summ~ry of G. lygdamus life history. 
Summary of P. icariodes life history •• 

• ••••••••• 143 
• ••••••••• 144 
• ••••••••• 147 

• ••••••• 148 
Diapause stage and host associations in temperate 

lycaenids: a survey. . •••••••••••••.•• 150 
Predictions. • • • • • • • • • • • •••••••••••••••• 150 
Methods •••••••••••••.• 
Results •••••• 
Discussion ••• 

.................. . 151 
• •••••••••••••••• 153 
• •••••••••••••••• 159 

LI ST OF REFERENCES •••••••••••••••••••••••••••••••••••••••••••••• 165 

6 



1.1. 

1.2 

1.3 

1.4 

1.5 

2.1 

2.2 

2.3 

3.1 

4.1 

4.2 

4.3 

LIST OF ILLUSTRATIONS 

G. lygdamus oviposition preference •••••••••••••••••••••••••• 25 

The effect of recent experience on oviposition decisions ••••• 28 

Plant and butterfly phenology at Gold Basin •••••••••••••••••• 32 

G. lygdamus oviposition preference at Fantasy Ranch •••••••••• 37 

Plant and butterfly phenology at Fantasy Ranch ••••••••••••••• 41 

Influence of egg location on larval survival ••••••••••••••••• 66 

Date of first pod feeding: effects of larval growth •••••••••• 71 

Ant types tending G. lygdamus larvae ••••••••••••••••••••••••• 80 

Location of 30 patches surveyed near Gunnison ••••••••••••••• 102 

Prea1ight and postalight preferences for P. icariodes ••••••• 125 

Effects of recent experience on postalight preference ••••••• 126 

P. icariodes egg location: effects of leaf age •••••••••••••• 128 

4.4 P. icariodes egg location: effects of leaf .. node ............. 129 

7 



8 

LIS~ OF ~ABLES 

1.1 Summary of G. lygdamus follow events at two study sites •••••• 22 

1.2 Flight patterns of G. lygdamus ••••••••••••••••••••••••••••••• 23 

1.3 Egg hatch dates on different host species at Gold Basin •••••• 34 

1.4 Egg hatch dates on different host species at Fantasy ••••••••• 39 

2.1 G. lygdamus larval mortality at Gold Basin ••••••••••••••••••• 60 

2.2 G. lygdamus larval mortality at Fantasy •••••••••••••••••••••• 62 

2.3 The influence of flower age on larval survival ••••••••••••••• 68 

2.4 Host plant alkaloid content •••••••••••••••••••••••••••••••••• 73 

2.5 Characteristics of tentatively identified alkaloids •••••••••• 74 

2.6 Larval performance in the laboratory ••••••••••••••••••••••••• 76 

2.7 Correlations between alkaloid content and larval mortality ••• 77 

3.1 Creek survey results ......................................... 96 

3.2 Creek survey correlations ..•....•••.....•........•..•.••••••• 97 

3.3 Patch survey results ........................................ 101 

3.4 Predictors of egg density on two host species ••••••••••••••• 103 

3.5 Predictors of overall egg density ••••••••••••••••••••••••••• 103 

4.1 Hair distribution on lupine leaves •••••••••••••••••••••••••• l31 

4.2 Influence of pubescence on oviposition rates •••••••••••••••• 132 

4.3 ~he influence of surface type on egg adhesion ••••••••..•••••• 133 

4.4 P. icariodes larval performance ••••••••••••••••••••••••••••• 135 

4.5 P. icariodes larval preference •••••••••••••••••••••••••••••• 136 

5.1 Life history differences between two lycaenid butterflies ••• 146 

5.2 Relationships between diapause stage and other life 
history traits for 129 lycaenid butterflies ••••••••••••••• 154 

5.3 Phylogenetic relationships of 94 lycaenid butterflies ••••••• 158 



9 

ABSTRACT 

Components of host plant affiliation for two, small, blue butterflies were 

examined and compared. The two butterflies, Glaucopsyc!ze lygdamus and Plebijus 

icariodes (Lycaenidae), are superficially quite similar but differ in host range:. 

Oviposition preferences were determined for each butterfly species by following 

individual butterflies in the field and recording butterfly behavior, host plant 

availability and host plant characteristics. Where preferences for one host species 

or one plant part over another were found, potential explanations were pursued 

by assessing and comparing larval performance on those plant species and parts in 

question. Larval performances were measured in terms of survival, growth, and 

ant attendance in the field, and survival, growth, and pupal mass in the laboratory. 

All foods were also analyzed for alkaloid content, and larvae were raised on 

plants known to differ in alkaloid content. 

Individuals of both butterfly species preferred to oviposit on those host species 

with which they had had recent experience; nevertheless, individual butterflies of 

both species frequently oviposited on multiple host species during the course of a 

single follow bout. For G. lygdamus the availability of flower buds was critical for 

ovipositing adults and feeding larvae. Flower buds of anyone host species were 

unpredictable, however, and G. lygdamus consequently utilized different host 

species at different times. This observation predicted a positive relationship 

between butterfly population density and host species diversity. This prediction 

was tested and supported by two large-scale surveys of hostplant patches. 

P. icariodes differed from G. lygdamus in that both ovipositing adults and feeding 
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larvae preferred old leaves to flower buds. The two species also differed in 

diapause stage, growth rates and reaction to alkaloids. Results predicted a 

relationship between diapause stage, oviposition site on the plant, and host range. 

The prediction was tested and upheld by a general survey of temperate lycaenid 

butterflies. The relationship was significant even when phylogenetic relationships 

were included in the analysis, and diapause stage was suggested as the 

characteristic evolutionarily most constrained. 
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INTRODUCTION 

Five chapters follow. Each is written in manuscript form and thus stands on its 

own. For a brief summary of each chapter, see the abstract at the beginning of 

each. The first three chapters deal with the butterfly species, Glaucopsyc/ze 

lygdamus, and address, respectively, issues of oviposition preference, larval 

performance, and patch dynamics respectively. The fourth chapter examines the 

oviposition preference and larval performance of a second butterfly species, P. 

icariodes. And the fifth chapter ties it all together with a comparison of the two 

butterfly species and a survey of all temperate lycaenid butterflies in which the 

predictions derived from this two butterfly comparison are tested. Enjoy. 



Chapter 1: Oviposition Preference in Glaucopsyche lygdamus (Lycaenidae): a 

Field Study. 

12 

ABSTRACT: Prealight and postalight oviposition preferences of Glaucopsyc/ze 

lygdamus (Lycaenidae) were determined by following ovipositing butterflies in the 

field. Individual butterflies showed significant preferences among hostplant 

species, but these host species preferences were overshadowed by the importance 

of flowering phenology to ovipositing butterflies. Butterflies placed eggs only on 

young, unopened flower buds and preferred any potential host species with, to any 

potential host species without, such flower buds available. The species 

composition of unopened flower buds varied over the course of a season and from 

year to year, and patterns of host species use by G. lygdamus varied accordingly. 

This variation may prevent G. lygdamus from specializing on anyone host species. 

Butterfly learning, however, seems to promote specialization; individual butterflies 

exhibited stronger preferences for those host species with which they had had 

recent experience. 

Keywords: Glaucopsyclze lygdamus, Tizermopsis montana, Lupinus jloribundus, host 

range, phenology, experience, oviposition preference. 

INTRODUCTION: 

The evolution of host plant range in herbivorous insects, although the focus of 

considerable research and debate, remains poorly understood, in large part 

because of the difficulties of inferring past evolutionary process from present-day 
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pattern (Strong 1988, Courtney & Kibota 1990). If, for example, an insect species 

once utilized as hosts, plant species "A" and "B", but now only utilizes "A", we can 

only guess at the original selective forces causing utilization of plant species "B" to 

be lost. The insect presently may not be able to recognize "B", metabolize "B", 

avoid predators on "B", nor find mates on "B", but these inabilities may be 

secondary consequences, occurring after "B" was no longer utilized, rather than 

original selective forces. 

It seems likely that, in the above scenario, the change in the insect's host range 

passed through an intermediate stage, in which the insect popUlation still utilized 

host "B" but utilized "A" preferentially. It would have been during this 

intermediate stage that the selective forces responsible for the change in host 

range were at work, and those insects preferentially utilizing host "A" should have 

been, on average, more fit. Our understanding of the evolution of host plant 

range could benefit much, therefore, from the study of present-day insect 

populations that utilize multiple hosts but utilize some preferentially to others. 

Because the potential selective forces leading to these preferences are probably 

multiple and habitat-dependent, such studies should have a large field component 

(Schultz 1988, Futuyma and Moreno 1988, Thompson 1988, Courtney and Kibota 

1990). 

The silvery blue butterfly, Glaucopsyclze lygdamus (Lycaenidae), occurs over 

much of North America and has been recorded from ten genera and 41 species 

within the legume family (Scott 1986). In Colorado, at the sites where this and 

several earlier studies on the same butterfly took place (Breedlove and Ehrlich 

1972, Dolinger et al. 1973, Pierce and Mead 1981, Pierce and Easteal 1986), the 
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butterfly is recorded from three different Lupine species, and from a single species 

each of Thermopsis and Vida. The earliest study (Breedlove and Ehrlich 1972, 

Dolinger et al. 1973) reported that the butterfly utilized some hosts much more 

than others, a pattern that the authors attributed to differences in host plant 

flowering phenology and host plant secondary chemistry. A greater utilization of 

some host species than of others does not necessarily mean that a oviposition 

preference exists, however; oviposition preferences can only be determined from 

the study of butterfly behavior (Singer 1986). The goal of the present study was 

to determine if, as reported in these early studies, some hostplant species are 

utilized more than others, and, if so, to determine if difference in utilization 

resulted from some host species being preferred over others by ovipositing 

butterflies. A furthur goal was to determine, if preferences existed, whether the 

preferences were common to all or only a part of the individual butterflies in the 

population. 

This study on G. lygdamus oviposition preference was part of a larger study, in 

which (1) potential selective forces leading to the oviposition preferences found in 

this study were examined through studies of G. lygdamus larval performance 

(Chapter 2), (2) consequences of oviposition preferences for G. lygdamus 

population size and persistence were predicted and tested (chapter 3), (3) and all 

of the above is compared and contrasted with a related butterfly species, Plebijus 

icariodes, that exists at the same sites but utilizes a different range of host species 

(Chapter 5). 
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METHODS: 

The research took place from 1989 to 1991 at multiple study sites in Western 

Colorado. All sites are in the vicinity of the Rocky Mountain Biological 

Laboratory (RMBL) and part of the E. Gunnison River drainage. The Fantasy 

Ranch is at 9200 feet on a south facing slope above the Crested Butte airport. It 

is not grazed by cattle. All other sites are in Gold Basin drainage south of 

Gunnison. All sites here occur along small creeks that run between dry, sage

covered ridges, and all are heavily grazed by cattle. The Burro site is 12 km south 

of Gunnison on the Gold Creek Road. The Hilmo site is another 1 km south on 

the same road, and 4 more km takes one to the Aspen site. The Stubb's Gulch 

site is 2 km east of the Hilmo site in the next creek drainage. Elevation ranges 

from 8350 ft. at the Burro site to 8900 at the Aspen site. The site referred to in 

Dolinger et al. (1973) as "Gold Basin" corresponds to my Burro site, and their 

"Upper Gold Basin" site is less than one kilometer from my Aspen site. Host 

plant names at all sites correspond to those used in these earlier papers. Lupinus 

taxonomy is in constar,t flux, and each lupine "species" discussed here has several 

other names. However, as no consensus has been reached, I use the same names 

here for simplicity. Voucher specimens are in the RMBL herbarium. 

Ovipositing G. /ygdamus females were followed at the Fantasy Ranch in 1990 

and at the Stubb's Gulch site in 1991 using methods similar to those described by 

Chew (1977), Stanton (1982), Makay (1985), Papaj & Rausher (1987), and Lewis 

(1989). Researchers worked in teams. A follow began as soon as a female 

butterfly exhibiting oviposition behavior (abdomen bent and dragging or probing 

along the host plant) was spotted. Both researchers followed the butterfly, being 
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careful to stay several meters away in order not to disturb it. In general, these 

butterflies seemed oblivious to following researchers, and only rarely, when a 

butterfly's exact location was uncertain, would followers venture too close and 

alter the butterfly'S behavior. In these instances the data were disregarded. One 

follower was responsible for following and marking the exact path taken by the 

butterfly; the path was marked with colored fishing line unrolled from either a 

fishing reel or a spool mounted on a stick. Each stop made by the butterfly was 

marked with a colored flag stuck in the ground. Suspected oviposition locations 

were marked as closely as possible to ensure that the egg found was the one 

deposited by the female. The other follower recorded butterfly behaviors: fly, 

walk, test (probing with abdomen), oviposit, male avoidance (fleeing male 

butterflies), rest (no movement), bask (wings opened towards sun), and nectar 

(feeding from a flower). Also recorded were the timing of these behaviors and 

the substrate on which any behavior occurred: plant species, plant part (i.e. leaf, 

flower or stem), and plant phenology (i.e. the age of the leaf or flower). At the 

end of a follow event (henceforth called a "bout"), when either the butterfly had 

been lost or had ceased oviposition behavior (usually because of cloud cover), the 

researchers returned along the flight path to find the eggs and mark their 

locations (again noting plant species, plant part, and plant phenology) and to 

measure the distance of each butterfly flight. In addition, between each place 

where the butterfly stopped flight and in an area half a meter to either side of the 

flight path, we recorded the numbers of host plants of each species, the numbers 

of host plant inflorescences and their state of development (see description under 

Results), and the numbers and identities of any flower species used as a nectar 



source. The half-meter distance was picked after many hours of observation in 

1989 indicated that ovipositing G. lygdamus respond, on average, to host plant 

stimuli within this area but not outside of it. However, this distance is only an 

estimate of butterfly perception and probably varies with the height of the flying 

butterfly, background, and many other factors. Plants within this distance are 

those that the butterfly is said to have "encountered". 

Determinations of oviposition preference: 

A preference for one host species over another may result from nonrandom 

butterfly behavior at three different levels: (1) selection of habitat or flight path, 

(2) selection of plants in the flight path to land on (prealight preference), and, 

once landed (3) the decision whether to lay an egg (posta light preference). 
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Determination of the first level of preference requires comparison of host plant 

composition along the flight path to the composition of hosts at the study site. 

Usually this is accomplished by randomly selecting transects within the study site 

and comparing their mean plant composition to that encountered by the 

butterflies (e.g. Makay 1985); however, it is rarely clear in these studies how the 

scale of the "study site" is determined. Is it the area where butterflies happened 

to be flying or a patch of host plants or a square area on a map? The answer 

seems to be subjective and to vary substantially. At Stubb's Gulch, butterflies fly 

the majority of the time in the narrow riparian habitat along the stream and only 

occasionally venture out into the nearby sagebrush on both sides. How much sage 

should be included in the "study site"? To get around this problem and the fact 

that bouts were not initiated at random locations within the site, I chose to 
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compare host plant compositions along butterfly flight paths not to random 

transects, but to transects systematically spaced along the riparian habitat. Thus, 

at the Stubb's Gulch site, in the middle of the flight season, 15 transect lines of 50 

meters each were laid out. The location of the first was randomly determined 

and the others were placed at lO-meter intervals parallel to the first. Each bout 

was paired with the nearest transect and compared using a Wilcoxon signed rank 

test for paired observations. These results therefore compare host plant 

composition along the flight path only to plant composition within the immediate 

area. The issue of larger scale habitat preference will not be addressed in this 

paper although it is an important component of host use affiliation (see Chapter 

3). 

Prealight and postalight preferences for each host species were determined by 

first determining for each individual butterfly the fraction of plants flown over that 

were landed upon (pre alight preference) and the fraction of those landed upon 

that were oviposited on (postalight preference). The mean preference (either 

pre alight or postalight) for one host species was then compared to that of another 

host species using a Wilcoxon Rank Sum Test. At times, an individual butterfly 

had a preference ratio of zero (e.g., the butterfly landed on one species but never 

oviposited on it, giving a posta light preference of zero). These zero preferences 

were still included in the analysis and were ranked by the number in the 

denominator. For example, a posta light preference of zero eggs/19 alights was 

considered less of a preference than one of zero eggs/one alight. 
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Host Plant and Site Monitoring: 

At the Fantasy site in early 1989 and Burro site in early 1991, between ten and 

twenty individual plants of each host species were marked and then monitored 

weekly through the end of the 1991 season. Plant size, growth, flowering 

phenology and seed set were recorded for each plant. In addition, each time a 

study site was visited by a research team over the last three seasons (usually a 

minimum of once a week), host flowering phenology and butterfly abundance 

within subplots were recorded, as well as mean G. lygdamus egg density on the 

inflorescences of each host. These census data are the basis for all phenological 

records presented in the results. 

Egg Monitoring: 

All eggs observed being laid as well as over 300 eggs found on host plants were 

marked and subsequent larval growth, survival and movement recorded (for 

results see Carey 1992a). As part of this process, the date of egg hatch was either 

exactly determined or estimated using such factors as egg shape and color (both 

newly laid and ready-to-hatch eggs can be differentiated), the average time to egg 

hatch for nearby eggs, plant phenology, proximity of larva to egg, and larval size. 

Using these methods the date of egg hatch can almost always be confidently 

estimated within 2-3 days. Normally, all eggs that were found in a certain area 

were marked. Comparison of mean hatch date on different host species thus can 

offer insight into shifts in host species utilization patterns by G. lygdamus 

throughout the season. 
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RESULTS: 

In total, 121 G. /ygdamus ovipositions were observed in 1991 and 34 in 1990. 97 

% of these eggs were laid on what I call "unopened (UO) inflorescences". Lupine 

and Thermopsis inflorescencs are racemes. Flowers mature and open sequentially 

from the base. At first, individual flowers are too small to be distinguishable by 

the naked eye. As they mature, they first become distinguishable, they then begin 

to show petal color as the calyces part, and finally they open. An UO 

inflorescence is at least one cm. long and has some individually-distinguishable 

flowers but no flowers yet open or showing evidence of petal color. Eggs wen~ 

placed singly on the outside of the inflorescence (the bottom calyx of a flower). 

In total, ovipositing butterflies alighted on 36% of all host plants with UO 

inflorescences within 0.5 m of their flight paths, and on only 3% of those host 

plants without UO inflorescences. This latter rate is comparable to alighting rates 

on nonhost plants (pers. obs), and butterflies landing on hosts without UO 

infloresences rarely exhibited oviposition behavior. The four eggs not placed on 

UO inflorescences were laid at either the very beginning or very end of the 

flowering season when UO inflorescences were rare or altogether absent. At 

Fantasy Ranch, two ovipositions were observed on young /,. bakeri leaves early in 

the season when butterflies were flying, before the earliest-flowering host plants 

had developed inflorescence buds (Figure 1.2b). These two ovipositions were the 

only two observed during this period in over 26 hours of following butterflies 

during prime weather conditions; oviposition rates increased significantly once UO 

inflorescences became available (18 observed in the next 22 hours of observation). 

The other two exceptions occurred near the very end of the flight season at the 



Burro site when UO inflorescences were also very rare. These two ovipositions 

were observed on the calyces of T. montana inflorescences of which the first 

flowers were just starting to open. 
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If the attractiveness of a host plant is dependent upon the presence of VO 

inflorescences, then the host plant alone is clearly not the proper unit of choice 

for comparing preferences among host species. The butterfly would simply be 

expected to show the highest preference for whichever species had the most VO 

inflorescences at the time of comparison. Of interest are the relative preferences 

shown for UO inflorescences of different species. Therefore, I use the UO 

inflorescence rather than the plant as the unit of choice in the majority of 

preference analyses presented here. Gold Basin results are presented first; results 

from Fantasy Ranch follow. 

GOLD BASIN AREA: 

23 G. lygdamus females were successfully followed for more than one oviposition 

event at the Gold Basin site. See Table 1.1, Gold Basin site, for a summary. 

Prealight host discrimination--the contribution of nonrandom flight: 

The frequency of each host species along each butterfly flight path was 

compared to that of the closest, paired transect. Host plant rather than VO 

inflorescence was used in this analysis because the density UO inflorescences 

usually changed slightly between the time of the bout and the time transects were 

completed. All host species occurred at significantly greater frequencies along 

flight paths than in transects (Table 1.2). This difference is not surprising. Host 
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plants are very patchy in their distribution and ovipositing butterflies spend the 

majority of time within host patches (Le., butterflies usually alter the path of their 

flight rather than leave a patch of suitable host plants--pers. obs.); transect lines, 

on the other hand, passed straight through host patches. Of interest to this study 

on oviposition preferences is whether the butterflies encounter some host species 

disproportionately to their local distribution. Only T. montana and L. floribundus 

were encountered frequently enough to allow statistical analysis. The proportion 

of L. floribundus to T. montana plants was compared between flight paths and 

paired transects and no effect was found that would indicate that ovipositing 

butterflies do not fly randomly over these two dominant hosts (binomial test, 

p= 1.0). 
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Table 1.1. Summary of G. /ygdamus follow-events (bouts) at two study sites. The 
range (low-high) is included were relevant. 

# butterflies followed 23 9 
for > 1 oviposition 
event 

Host Species Utilized L. jlon'bundus, T. L. baken', L. caudatus, 
montana, V. americana V. americana 

Mean bout duration 60.7 (7-87) 35.1 (19-59) 
(minutes) 

Mean bout distance 77.8 (24-256) 91.3 (38-151) 
(meters) 

Mean # eggs laid 4.3 (2-11) 3.8 (2-10) 

# butterflies flying over 17 8 
> 1 host es 

# butterflies alighting 11 4 
on > 1 host species 

# butterflies ovipositing 6 3 
on > 1 host species 



Table 1.2. Flight patterns patterns of G. lygdmaus. Mean number of host plants per meter of 
ovipositing butterfly flight path (N = 23) and per meter of paired transect at Stubb's Gulch in 1991 
(mean ± ne). 

Host species 

Thermopsis montana 
Lupinus floribundus 
Vicia americana 

Plants/m flight path 

1.86 ± 0.39 
0.27 ± 0.091 
0.055 ± 0.019 

plants/m transect 

0.66 
0.048 
0.0009 

± 0.20 
± 0.010 
± 0.0009 

* Significance of 2-tailed Wilcoxen signed Rank Test. 

significance* 

p < .005 
P < .001 
P < .001 

N 
~ 
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The effect of nonrandom alighting: 

The frequency with which butterflies alighted on the VO inflorescences of 

different host species was compared to the frequency with which they were 

encountered in the flight path. VO inflorescences of L. bakeri and V. americana 

were encountered too rarely to allow statistical analysis. However, both T. 

montana and L. floribundus were encountered by the majority of butterflies 

followed. The butterflies alighted on 19 percent of T. montana VO inflorescences 

encountered and 43.5 percent of L. floribundus VO inflorescences encountered 

(Figure 1.1). The difference is significant (Wilcoxon Rank Sum Test, 2-tailed p < 

.015). 
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Figure 1.1. G. /ygdamus oviposition preference. Pre alight (alights/encounters) 

and Postalight (ovipositions/alights) preferences, with standard errors, for UO 

infloresences of the three host species utilized by 23 females followed in 1991 at 

Gold Basin. 
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* prealight and postalight preference differences are significant between L. 

floribundus and T. montana at p < .05 and P < .01, respectively. 2-tailed 

Wilcoxon Rank Sum test. 
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Post-alight discrimination: 

Again, only L. jloribundus and T. montana were alighted upon frequently enough 

to allow statistical analysis. Butterflies oviposited on 43 percent of the T. 

montana UO inflorescences upon which they alighted and on 67 percent of the L. 

jloribundus upon which they alighted (Figure 1.1). The difference is highly 

significant (Wilcoxon Rank Sum Test, 2-tailed p < .002). G. /ygdamus thus shows 

both a significant prealight and postalight preference for VO inflorescences of L. 

jloribundus over those of T. montana. When prealight and postalight preferences 

are combined to form one total preference, G. /ygdamus deposit an average of 29 

eggs on every 100 L. floribundus VO inflorescences within their flight path and an 

average of 8 eggs on every 100 T. montana VO inflorescences within their flight 

path. 

Host plant interactions: the effects of experience: 

Postalight preferences varied with the immediate experience of the ovipositing 

butterfly. Butterflies were more likely to oviposit on the VO inflorescence upon 

which they alighted if the VO inflorescence they had alighted on last (Figure 1.2a) 

or oviposited on last (Figure 1.2b) was of the same species. A G-test shows the 

differences pictured in Figure 1.2 to be significant at p < .05 in all but one 

instance, one where low sample size precludes meaningful statistics (only twice did 

butterflies that had just oviposited on T. montana land on L. jloribundus). Even 

here, however, the trend is the same. Because of sample size limitation .. , it is not 

possible to effectively separate the relative contributions of last oviposition 

location and last alight location to this experience effect. However, in all cases 
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the postalight preference for a given host species was the greatest when both the 

last alight and last oviposition had been on the same species and the least when 

neither had been on the same species. When experience was mixed (e.g. last 

oviposition was on the same species but last alight was on a different species), 

postalight preferences were somewhere in between the two extremes. 

The influence of experience on prealight preferences is less straightforward. 

When a butterfly left a plant, it mayor may not have encountered more than one 

host species before landing on the next host plant. Flight distances and 

intermediate stops on nonhosts also varied considerably. However, I did find tW'o 

indirect lines of evidence suggesting an effect of experience on prealight 

preferences. First, ovipositing butterflies experiencing only T. montana within a 

follow bout alighted, on average, on a significantly greater percentage (28%) of 

the T. montana inflorescences encountered than did those butterflies that did 

experience alternative host species within the bout (Wilcoxon Rank Sum test, 2-

tailed p < .05). The latter landed on an average of 16% of the VO 

inflorescences encountered. Only three follows occurred where butterflies 

experienced only L. floribundus. These butterflies landed on 67% of the VO 

inflorescences within their flight path--more than the 37% landed on by butterflies 

experiencing multiple hosts--but the difference is not statistically significant. 

The second line of evidence for a short-term effect of experience on pre alight 

preferences is that butterflies were more likely to land on a different host SPecies 

than they had just landed if there was an intermediate stop on a nonhost (Chi

Square, p < .01, n = 139). This result should be interpreted with caution, however, 

because host plant distributions were clumped. 
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The effects of experience on oviposition decisions probably bias the "absolute" 

prealight and postalight preferences shown in Figure 1.1. The experience effect 

should result in a lesser "absolute" preference for the rarer host species, since 

encounters with this host are more likely to be preceded by encounters with the 

more common species. Thus calculated preferences for Vida americana may be 

lower than would be expected if other hosts were not relatively common. 

However, the prealight and postalight preferences found for L. floribundus relative 

to T. montana would not be negated if experience effects were incorporated. T. 

montana was the more common host plant encountered in 19 out of 23 of the 

follows and the more common VO inflorescence in 16 of the 23 follows, making 

the "ab~olute" preferences calculated for L. floribundus, if anything, conservative. 
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Figure 1.2a,b. The effect of recent experience on the post-alight preference of 

ovipositing G. lygdamus at Gold Basin in 1991. The effect of last egg location and 

last alight location are both presented; the two are not independent. 95% confidence 

intervals are included. 
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Shifting patterns of host species utilization over the season: 

The species composition of UO inflorescences varies over the G. /ygdamus flight 

season (Figure 1.3),and one might expect G. lygdamus host species utilization 

patterns to vary correspondingly. Evidence collected in virtually every phase of 

this study suggests that this is the case. I present two lines of evidence below. 

First, data from the 23 bouts in 1991 indicate that the ratio of ovipositions on T. 

montana to L. floribundus decreases significantly as the summer progresses 

(Spearman rank correlation, 2-tailed p < .01). The same is true of alights on T. 

montana over alights on L. floribundus (Spearman rank correlation, 2-tailed p < 

.005). Thus, as the season progresses, ovipositing females utilized the early

flowering T. montana less and the late-flowering L. floribundus more. 

Interestingly, the relatively acceptability of VO inflorescences of the two species 

did not change over the course of the season, as the experience effect noted 

earlier would predict. Potential reasons for this are numerous and include a low 

sample size and patchy host distributions. 



Figure 1.3. Plant and butterfly phenology at Gold Basin. UO inflorescence availability of 3 host plants 

and G. lygdamus flight season (date of first and last UO inflorescence and butterfly seen and all dates 

in between) for two years at the Burro site. Overlap of UO inflorescence availability with butterfly 

flight is marked with x's. The maximum eggs/inflorescence ratio for the season is recorded on the right 

for> 100 inflorescences surveyed. Note the correlation between degree of overlap and egg density. 
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A seasonal shift in host utilization patterns is also implied by date-of-egg-hatch 

data. The average, estimated day of hatch of eggs found on host species at the Gold 

Basin site correlates consistently with the timing of va inflorescence availability 

(Table 1.3). Eggs hatch earliest on the first host species to flower (i.e. L. bakeri) and 

last on the last host species to flower (i.e. L. floribundus). 



Table 1.3. Mean hatch dates and standard errors (in days) for G. lygdamus eggs found on the three major 
host plant species at four sites in the Gold Basin area in 1991. Dates are given as month/day. See 
text for method of estimating hatch date. Mean hatch dates separated by a "*" are significant at p < 
.005 (T-test). Host plants are listed in order of flowering times: L. bakeri flowers first; L. 
floribundus last. 

Site L. bakeri T. montana L. floribundus 

Aspen 6/22 ± 1.2 * 7/02 ± 1.1 * 7/07 ± 0.6 

Hilmo 6/21 ± 0.26 * 6/26 ± 1.2 

Stubbs 6/21 ± 1.2 * 6/27 ± 1.0 

Burro 6/13 6/18 ± 1.3 * 6/29 ± 1.3 

W 
.:0. 
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Variations in host use patterns across seasons: 

The time of spring emergence of G. lygdamus and the timing of inflorescence 

initiation of its host plants vary from year to year (Figure 1.3) with spring weather 

conditions. Not only is there an absolute year to year variation in the timing of 

butterfly flight and flowering phenology, but the two also vary relative to each other, 

so that, for example, in 1990, the flight of G. lygdamus substantially overlapped the 

availability of L. baked VO inflorescences, whereas in 1991, the overlap was very 

little. The amount of overlap corresponds to the density of eggs on L. bakeri in these 

years; the more the overlap, the greater the density of eggs (Figure 1.3). The degree 

of overlap also explains the almost tenfold difference in egg density on L. floribundus 

between 1990 and 1991. In 1990, an unusually dry year, L. floribundus was the least 

utilized of the three most common host plants at the Burro site. The overlap of 

butterfly flight and VO inflorescence availability was not more than three days; the 

fact that each inflorescence still received an average of .073 eggs is more evidence 

for the high prealight and postalight preference for L. floribundus found in this study. 

1989 was also a very dry year. Egg abundances on various hosts were not quantified, 

but the majority of plants at the Burro and Hilmo site were inspected. I found no 

eggs or larvae on L. floribundus and a large number on L. bakeri. 

G. lygdamus and its host plants were surveyed at the same site in 1971 by Paul 

Ehrlich and students (Breedlove and Ehrlich 1972, Dolinger et al. 1973). The data 

they present suggests that butterfly and host plant phenology were similar to that 

reported here for 1991. They found that, as in 1991, L. flodbundus was the most 

heavily utilized host plant and L. baked was the least. 
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FANTASY RANCH SITE: 

In the summer of 1990, 9 successful follows were made of ovipositing G. /ygdamus 

females. See Table 1.1, Fantasy site, for a summary. The available host plant 

species at Fantasy Ranch differ from those at Gold Basin; butterflies are also much 

rarer and more difficult to follow. Patterns of butterfly behavior, however, are 

similar to those found at Gold Basin. 

Oviposition Preference: 

Again, only UO inflorescences were chosen as oviposition sites. G. /ygdamus 

showed no statistically significant preaJight or postalight preferences for any of the 

three available host plants, L. bakeri, L. caudatus, and V. americana (Figure 1.4); 

however, sample sizes were often quite low. One female was observed to oviposit 

on all three host plant species within the course of one run, and switches between 

two host species were observed three times. Two surveys of egg distribution taken 

when all hosts had UO inflorescences did not indicate that egg distribution differed 

from random (G-test, p = .46, n (eggs) of the two surveys combined = 76). 
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Figure 1.4. G. lygdamus oviposition preferences at Fantasy Ranch. Pre alight and 

postalight preferences and standard errors are given for the 3 host species present 

at the site in 1990. No differences are significant. 
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Shilling patterns of host species utilization over the season: 

As at Gold Basin, the species distribution of available VO inflorescences changes 

throughout the butterfly flight season. The estimated date of egg hatch of eggs 

found on the earlier flowering L. bakeri is significantly earlier than that of those 

found on the later-flowering L. caudatus in 1990 and 1991 (Table 1.4). In 1989 

larvae on all host plants were surveyed on July 6. Those on L. bakeri were bigger 

(Table 1.4). Because larvae grow equally well on the two hosts (Chapter 2), this 

pattern again suggests that eggs were placed later on the later flowering host species, 

L. caudatus. 
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Table 1.4. Mean estimated day of hatch It s.e. in days) for G. lygdamus eggs found 

on two Lupine species at the Fantasy Ranch site during 1990 and 1991. See text for 

method of estimating day of hatch. The mean length of larvae found in the same 

subplot in 1989 on July 6 is also included. Significance levels result from :t 2-tailed 

T test. 

Year L. bakeri L. caudatus p 

1991* 6/1.±. 1.2 6/11.±. 1.3 < .01 

1990 6/13.±. 1.0 6/25.±. 1.7 < .0001 

1989 11.56 mm 9.67 mm < .07 

* note that for both host species, the mean estimated day of hatch is also significantly 

(p < .001) later in 1991 than 1990. 
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Shifting Patterns of Host Species utilization across seasons: 

Patterns of host species use differ between years. As at the Gold Basin site, the 

difference can be traced to variations in the timing of spring emergence of the 

butterfly relative to the timing of inflorescence initiation in its host plants (Figure 

1.5). 



Figure 1.5. Host plant and butterfly phenology at Fantasy Ranch. UO inflorescence availability of 2 
host plants and G. lygdamus flight season (date of first and last UO inflorescence and butterfly seen 
and all dates in between) for three years at Fantasy Ranch. overlap of UO inflorescence availability 
with butterfly flight is marked with X's. The maximum eggs/inflorescence ratio for the season is 
presented on the right (in all cases> 2000 inflorescences were surveyed). 
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DISCUSSION: 

In summary, ovipositing G. lygdal11us females respond to UO inflorescences of their 

host plants rather than to the plant per se, and thus data were analyzed using the UO 

inflorescence as the llnit of choice. Individual butterflies showed no strict fidelity to 

any given host plant species, and nine of the total of 32 butterflies followed 

oviposited on more than one host species within the course of a single follow. 

Nevertheless, experience did affect subsequent decisions, and butterflies were found 

to have a greater preference for a given host plant if the butterfly's previous 

oviposition and/or alight had been on the same host species. The two dominant host 

plants in the Gold Basin area were T. montana and L. floribundus. G. /ygdamus flew 

equally over each species but showed a strong prealight and postalight preference for 

L. floribundus. The strong preference for L. floribundus resulted in a high utilization 

of this plant in years when the butterfly flight season overlapped the availability of 

UO L. floribundus inflorescences; however, the degree of overlap was variable 

between years and in those years when overlap was small or nonexistent, L. 

floribundus was utilized less than earlier-flowering, less-preferred hosts. At all sites, 

host species utilization patterns changed over the season with the changing species 

composition of available UO inflorescence, as well as between years, with year to 

year variations in the timing of butterfly flight relative to host plant phenology . 

. The effects of host plant phenology on oviposition decisions, found here for G. 

lygdamus, seem to be common for ovipositing insects as a whole (Kennedy 1950, 

Mitter et al. 1979, Cates 1980, Schneider 1980, Rausher 1981, Soloman 1981, Raupp 

and Denno 1983, Ananthakrishnan 1984, Pellmyr 1989, Straw 1989, Burgess 1991). 

When phenological effects are strong, they may influence the relative acceptabilities 
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of different host species. Beetles on Passiflora spp. prefer whichever host species has 

the youngest leaves (Thomas 1987), while some grasshoppers do the opposite, 

preferring that host with the least turgid and most decayed or damaged leaves (Lewis 

1984, Chapman pers. com.). In addition, leaf age may be the cause of the host 

species switch between generations of a Battus butterfly (Rausher 1981) and of some 

hemipterans (Gibson 1976), and the calise of differential host use between sites in 

Eup/zydryas editlza (Gilbert & Singer 1973). The present research also finds such an 

effect. Ovipositing G. lygdamus will choose any potential host species with an va 
inflorescence over one without an va inflorescence. The result is that overall host

utilization patterns of an individual butterfly are determined in good part by the 

timing of its flight. This is not the first example of spatial and temporal variation in 

the utilization of a host species by an insect due to differences in temporal coupling 

between insect flight season and host flowering phenology (Breedlove & Ehrlich 

1968, Soloman 1981, Duggan 1985, Solbreck and Sillen-Tullberg 1986, Evans et al. 

1989, 10rdeno et al. 1990). These other authors, however, were mainly concerned 

with the implications of the variation for plant fitness rather than for the host range 

of the insect, but host range must also be affected. For example, the extreme 

specificity of G. lygdamus to the short-lived and unpredictable va inflorescence 

probably often makes it difficult for a single G. lygdamus female to oviposit on a 

single host species throughout the duration of the female's life. Lycaenid adults only 

live an average of one to two weeks (Arnold 1983), but even within this short time, 

the species composition of available UO inflorescences may change dramatically (see 

Figure 1.1). Similarily, host species availability varies between years, and any G. 

lygdamus line may be forced to change hosts from year to year. Thus, the extreme 
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phenological specificity of G. /ygdamus and the phenological unpredictability of its 

hosts may work to prevent the butterfly from specializing on anyone host species, 

even if that host species, like L. floribundus, is highly preferred and the best host for 

larval growth (chapter 2). 

Still, many herbivorous insects are able to specialize on phenologically 

unpredictable hosts by using the same phenological cues as the plants (e.g., Wood 

1980). Why doesn't G. /ygdamus emerge later in the season when L. floribundus is 

phenologically available (figure 1.3)? There would still be time for larvae to mature 

and pupate before the fall. I advance two possible explanations. The first is that 

temperature, nectar availability, predation or any other factor that correlates with 

season could constrain G. /ygdamus flight to early in the summer. The second is that 

L. floribundus inflorescences alone may not be sufficiently dependable to support G. 

lygdamus populations. If, in some year, drought, disease or some other factor were 

to eliminate L. floribundus inflorescences, late-flying butterfly populations would go 

extinct (G. lygdamus can not survive on L. floribundus leaves (Chapter 2» because 

there would be no alternative host species available. I favor this second hypothesis 

because it is the one for which there is the most evidence. Breedlove & Ehrlich 

(1972) reported a scarcity or absence of L. floribundus flowers at two Gold Basin 

sites due to drought in 1971, and as a result of drought in 1990, all lupine species at 

a number of sites in the Gunnison area (although not at the Gold Basin sites) not 

only did not flower, they did not come above ground (pers. obs.). The fact that two 

drought years were observed in seven years of study makes it seem likely that such 

catastrophes are common and must be important in regulating G. lygdamus 

popUlations (see also Ehrlich et al. 1972), especially since the butterfly is dependent 
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upon the relatively-nonpredictable, flowering stage of its host plants. The best way 

for G. /ygdamus to minimize the long-term impact of such catastrophes would be 

hedge bets and fly at a time when diverse host species were available, some of which 

might escape a drought's effects. Other authors have suggested similar correlations 

between host predictability and host range (Janzen 1973, Jaenike 1978, Joern 1979). 

Unlike, flower unpredictability, which works to widen host range, the effect of 

experience on oviposition decisions found in this study should work to restrict host 

range. Recent experience with a host species increased the preference of an 

ovipositing female for that host in the future and decreased her preference for other 

host species. Jaenike (1982), Rausher (1983), and Papaj and Prokopy (1986) have 

found similar effects (see also Papaj & Prokopy 1989 and references therein). 

Because of such effects, the actual oviposition preferences exhibited by an ovipositing 

female butterfly in the field is dependent upon the relative availabilities of host 

species at that field site: relative!y rare or widely dispersed hosts should be less 

utilized and relatively common or patchy hosts more utilized than predicted from 

absolute preference tests in which experience is not a factor. This observation might 

explain the extensive utilization of T. montana, which is relatively common and 

patchy in distribution, despite its being a lesser-preferred host. Indeed, despite the 

strong overall postalight preference for L. f/oribundus, postalight preference for T. 

montana (oviposition/alights = 0.33) appears to be higher than for L. floribundus 

(ovipositions/alights = 0.27) when the previous alight of the butterfly was on T. 

montana. The difference is not statistically significant, but the suggestion is strong 

that the effects of experience and host availability should be incorporated into future 

stud~es and models of oviposition preference. 
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In conclusion, this study has found two factors to be exerting a selective force upon 

host range in G. /ygdamus. The butterfly'S strong preference for VO inflorescences, 

which are unpredictable in time, works to widen host range, while the butterfly'S 

tendency to prefer host species recently experienced, works to restrict host range. 

The strength of the selective force exerted by each of these factors is, in part, habitat 

dependent, and it seems appareP..t that the host range of an insect should be viewed 

as an interaction between insect and habitat rather than a characteristic of the insect 

itself. Butterfly experience and the availability of VO inflorescences on plants also 

influenced the relative acceptability of different host species. Oviposition preference, 

like host range, is dependent upon the habitat in which the insect occurs. 



Chapter 2: Factors Influencing Glaucopsyche lygdamus (Lycaenidae) Larval 

Performance: from Cows to Quinolizidine Alkaloids. 
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ABSTRACT: The mortality, growth rates, and ant-attendance of larval 

Glaucopsyclze lygdamus butterflies (Lycaenidae) were compared on different host 

species under natural field conditions, and each was found to differ significantly 

between hosts at at least one study site. Host plant flower availability and flower 

age were also critical to larval fitness. Both in the field and in the laboratory, 

larvae grow faster when floral tissue was available and survived better when 

consuming young floral tissue. Floral feeding may raise fitness by allowing larvae 

to tolerate high-alkaloid tissues. Experiments with lupine host plants differing 

only in alkaloid content and positive correlations between plant alkaloid content 

and larval mortality all indicated that host plant alkaloids did have a significant 

and negative effect on larval performance. Differences in laf"al growth and pupal 

mass on different host species were best explained by host differences in flower 

availability. Larvae did best on the host species with flowers available for the 

greatest proportion of larval development. Host plant species and flowering 

phenology effects on larval performance are compared to, and found to agree 

quite well with, the oviposition preferences reported in Carey (1992a). In 

summary, the relative performance of larvae on different host species in the field 

was influenced or potentially influenced by a large and diverse array of selective 

agents. The effects of many of these selective agents interact, and it would be 

misleading to study anyone in isolation. 



Keywords: ant-attendance, flower-feeding, flowering phenology, Glaucopsyclze 
lygdamus, larval performance, Lupinus, Lycaenidae, quinolizidine alkaloids, 
Tizennopsis, Vicia. 

INTRODUCTION: 
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To paraphrase Thompson (1988): the relationship between oviposition 

preference and offspring performance is the crux of understanding the 

evolutionary ecology of host associations in insect/plant interactions. We would 

predict a positive correlation between oviposition preference and offspring 

performance for those species ovipositing on plants. The failure of many insect

plant researchers to find such a positive correlation has prompted many to suggest 

that either (1) ovipositing adults are attracted to certain host plants for reasons 

not directly influencing offspring performance per se (e.g., for mating purposes or 

because of limitations on insect search ability) or (2) the fitness parameters 

usually measured by researchers (larval growth rates and final mass in the 

laboratory) do not accurately reflect the fitness of an insect in the field, where 

such factors as abiotic conditions, variations in host plant phenology and water 

and nutrient content, predation, and competition must be taken into account. 

The present study is the second part of a larger study on the butterfly, 

Glaucopsyclze lygdamus (Lycaenidae). In the first part of the study (Chapter 1), 

both host plant species and flowering phenology were found at times to be 

important to ovipositing butterflies. For example, ovipositing butterflies showed 

significant prealight and postalight preferences for the host species, Lupinus 

floribundus, over the host species Tizermopsis montana; but any potential host 

species, induding T. montana, with young inflorescences was preferred over any 
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hostplant without young inflorescences. The second part of the study, reported 

here, has as a goal the measurement of G. lygdal1lus larval performance, whenever 

possible under natural field conditions, and the comparison of these results to 

those of oviposition preference. Particular attention is paid to those variables that 

influenced oviposition preference (host species and flowering phenology) and to 

those variables that have been suggested in previous studies on these butterflies or 

at these sites to be important for performance: plant alkaloid content and 

composition (Dolinger et al. 1973) and the number and species of attendant ant 

(Addicott 1978, Pierce and Mead 1981, Pierce and Easteal 1986). A brief 

summary of these previous studies follows. 

Dolinger et al. (1973) studied G. lygdal1lus at many of the same sites. They 

found that potential host species phenologically unavailable to ovipositing 

butterflies were low in quinolizidine alkaloids and suggested that lack of herbivory 

pressure by the G. lygdamus larvae was the cause. Of the host species available to 

butterflies (and high in alkaloids), those with the least chemical variability 

between individuals (Lupinus floribundus) seemed to be the most utilized by the 

butterflies. Dolinger et al. (1973) suggested the correlation to be causal (i.e., 

larvae perform well on chemically invariable host plants). The studies by Pierce 

indicate that attendant ants are important to larval fitness (Pierce and Mead 1981, 

Pierce and Eastel 1986). Ants significantly deter parasitoids, thus decreasing 

mortality rates. Addicott's work on aphids at nearby sites suggest that not only 

the presence but also the number and species of attendant ant are probably 

important in this regard (Addicott 1978). 
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METHODS: 

The butterfly--G/aucopsyche /ygdamus: 

The Silvery Blue is a smaillycaenid butterfly found over most of the western 

United States and all of Canada. Recorded host plants represent ten genera and 

41 species within the family Leguminosae (Scott 1986). At the present study sites, 

host plants are Lupinus argenteus, L. baked, L. caudatus, L. jlodbundus, 

Thennopsis montana, and Vida americana. All are herbaceous perennials. The 

inflorescences of Lupinus and Tizermopsis occur as racemes, with anywhere from 

several to over one hundred individual flowers. Flowers open sequentially from 

the bottem to the top. Astragulus and Latlzyrus are reported as potential host 

plants in the literature and both are present at most study sites. However, in 

three years of observation, I and field assistants have never seen any indication 

that these are used as host plants by G. lygdamus. Eggs are laid singly, larvae are 

sluggish and relatively immobile (usually completing development on the same 

plant stalk on which they were oviposited), and larvae are tended by ants. Pupae 

have a winter diapause. There is one generation per year. 

Site Descriptions: 

Gold Basin--In the summer of 1991, four sites in the Gold Creek drainage south 

of Gunnison, Colorado were utilized for monitoring G. lygdamus eggs and larvae 

and their host plants. The four sites--Burro, Hilmo, Stubbs, and Aspen--are all 

within several kilometer::; of each other and very similar in appearance and plant 

species composition. All sites are split by a small creek. In wet areas near the 

creek grow Tizermopsis montana. Bordering the Tizermopsis and sometimes 
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intermixed with it grow Lupinus floribundus and Vida americana, and a bit further 

up the hill, mixed with sage, grow Lupinus bakeri and sometimes Lupinus 

caudatus. For the exact location and elevation of these sites see Carey (1992a). 

Fantasy Ranch--On Forest Service land on a south-facing slope of Mt. Crested 

Butte just above Fantasy Ranch and the airport of Crested Butte, Colorado, I also 

monitored G. lygdamus eggs and larvae and their host plants. The site is quite 

different from those described above, being relatively moist and lush and devoid 

of sage. The host plants growing here are L. bakeri, L. caudatus, and Vida 

americana. 

Gothic--Just down the Kettle Ponds road from Gothic, Colorado, the home of 

the Rocky Mountain Biological Laboratory, is another population of G. lygdamus. 

This population is just now reaching substantial numbers after nearly going extinct 

in 1969 (Ehrlich et al. 1972). The main host plant here is L. bakeri. Naturally

oviposited eggs and larvae were not monitored here, but the site was used for the 

"phenology experiment" described below. 

Bitter and Sweet Lupine: 

Lupine are raised as a food plant in many parts of the world, and thus there 

exist a number of varieties that have been selected for their low-alkaloid content. 

From Michael Wink, I obtained seeds of two varieties of Lupinus alba: var. Lucky 

(sweet) and Sitia (bitter), which differ in alkaloid quantity but not alkaloid 

composition, growth form, or nutrient content (Michael Wink, pers. comm.). The 
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alkaloid content of these varieties has been often analyzed by the Wink Lab, and 

has been relatively consistent between generations and over a range of growing 

conditions (Wink, pers. comm.). I planted these seeds in individual containers 

early in Spring of 1991 and fed young leaves to larvae in the laboratory growth 

experiment described below. The difference between Bitter and Sweet leaves 

could be readily detected by the human tongue. 

Larval Monitoring: 

As part of the research presented in Carey 1992a, ovipositing Glaucopsyche 

lygdamus butterflies were followed at several of the Gold Basin sites and at the 

Fantasy site. The location of each observed oviposition was described in detail, 

and the plant stalks on which they occurred were tagged. Each location was then 

censused an average of twice a week. Variables recorded included: exact egg 

location on the host plant, time of hatch, location and tissue fed on by larvae, 

larval size, larval color, number and species of attendant ants, and, if apparent, 

cause of mortality. In total, 104 eggs were observed oviposited at Gold Basin sites 

in 1991, 17 at Fantasy in 1991, and 34 at Fantasy in 1990. 

At Gold Basin sites and at Fantasj, eggs found on the plants were also marked 

and monitored as above. At Fantasy and Burro sites, all eggs found were marked. 

At other sites, all eggs in subplots were marked. When mm'king eggs, nearby 

plants were carefully searched and other eggs removed to avoid potential later 

confusion over larval identity. In total, 202 found eggs were marked at Gold 

Basin sites in 1991, 53 at Fantasy in 1991, and 68 at Fantasy in 1990. 
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Host Plant Monitoring: 

Characteristics of the host plants on which eggs were laid were also recorded. 

Characteristics included: species, size, and flowering phenology of the whole plant, 

as well as the age of the specific plant part being fed on by larvae. In addition, in 

1989, at the Fantasy site, 20 L. caudatus and 17 L. baked were systematically 

selected and marked. Size, herbivory, and flower and seed production were 

recorded for these same plants biweekly over the summer season for 1989-1991. 

Fifteen of each host species were selected and marked at the Burro site in 1991 

and the above-described parameters recorded. 

Phenology Experiments: 

As discussed in Carey (1992a), ovipositing G. /ygdamus are quite selective about 

the phenological state of the host inflorescences upon which they oviposit. An 

attempt was made to determine if inflorescence phenology influences larval 

performance. Eggs were collected from the Gold Basin site and placed on three 

ages of L. baked inflorescences at the Gothic site: (1) "young"--the inflorescence 

less than one centimeter in length with individual flowers not yet apparent, an 

average of six days younger than the age chosen by ovipositing butterflies; (2) 

"normal"--matching the age naturally chosen by ovipositing butterflies: 

inflorescence longer than one centimeter, individual flowers apparent but not 

open; and (3) "old"--flowers low on the raceme beginning to open, an average of 5 

days older than "normal" inflorescences. Sixty plants of approximately equal size 

and age were marked in the field. Most of these contained inflorescences of all 

three phenological states. Groups of three host plants were clumped by location, 
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and one treatment assigned to each plant in a clump. The healthiest-looking 

inflorescence of the proper phenological state on each plant was chosen, and its 

supporting stalk surrounded at the base by wire-supported mesh. This mesh was 

sufficiently deterrent to larvae to prevent them from switching to another stalk, 

but it still allowed ready access by ants, pollinators, and all but the least agile of 

predators. Eggs, matched for age, and still attached to a very small piece of the 

tissue on which they were collected, were then glued with flour and water paste to 

the calyces of the experimental inflorescences. Survival and growth parameters of 

the larvae were then recorded as described above under the "larval monitoring" 

section. 

The experiment was also replicated in the laboratory. 60 eggs were placed 

individually in wax-caated cups (8 cm. in diameter and 4 cm. high) along with a 

moist piece of cotton. A clear, plastic lid was placed on top. The sixty were 

divided into three treatments (young, normal, and old inflorescences, as before) of 

twenty each. Larvae were fed inflorescences matching the phenological state of 

those in the same treatment in the field. The phenology of the inflorescences fed 

anyone treatment thus changed over the course of the experiment; those in the 

young treatment, for example, received the same food as those in the normal 

treatment had six days earlier. Every two days food was replaced with freshly 

picked inflorescences from the field site. Larval size and survivorship were 

recorded every four days. Time of pupation and pupal mass were recorded. This 

experiment occurred concurrently and under identical conditions as the "cups 

experiment" described below, and thus the data were also applied to this second 

experiment. 
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Larval Growth in Cups: 

The goal of the experiment was to compare larval performanc~ on ten different 

food types in the laboratory. Eggs for this experiment were collected from Gold 

Basin plants, matched for age and divided among treatments. Eggs were placed 

singly in cups (as above) and larvae fed new food every two days and measured 

every four. Cups of all treatments were kept together in an unheated cabin. A 

light was turned on during daylight hours. All treatments occurred concurrently. 

Larvae were fed either (1) young L. floribundus leaves; (2) just-opened L. 

floribundus flowers; (3) young T. montana leaves; or (4) just-opened T. montana 

flowers, followed after 10 days, by T. montana seed pods; (5) young L. caudatus 

leaves; (6) young L. bakeri leaves; (7) young Vida leaves; (8) Vida flowers; (9) 

young sweet L. alba leaves; and (10) young bitter L. alba leaves. The T. montana 

and L. floribundus were collected fresh from the Gold Basin site, and L. bakeri, L. 

caudatus and Vida were collected from the Fantasy site. Thennopsis flowers were 

replaced by pods part way through larval development because this is what 

developing larvae experience in the field (see below). Initially, 30 eggs were 

assigned to each treatment, but the end design was not balanced because not all 

eggs hatched, and only hatching eggs are used in the mortality data reported in 

the results. In addition to measur,,;ments of larval length taken every four days, 

larvae were occasionally weighed to determine a correlation between length and 

mass. Pupal mass and the time of pupal initiation were recorded. 

Chemical Analysis: 

The allelochemicals characteristic of Lupinus and Tizermopsis are the 
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Quinolizidine Alkaloids(QAs), a number of which are known to be toxic to a 

variety of herbivores (Keeler 1969 and 1976, Cantot and Papineau 1983, Bentley 

et al. 1984, and, for review, see Wink 1987, 1988). Lupinus, especially lupine 

roots, are also potentially protected by flavonoids (Nicholls and Bohm 83, Tahara 

et. al. 1984, 1989 and 1990; and Lane et al. 1987). Because the present research 

is concerned with herbivory of non-root tissue, flavonoids are not further discussed 

here. Vida does not have quinolizidine alkaloids but rather is known to have 

nonprotein amino acids' (Bell 1977). 

Realistic sampling of the alkaloid content in these plants is complicated by the 

fact that lupine are known not only to induce alkaloid production in response to 

leaf damage (Harrison and Karban 1986, Johnson et al. 1989), but to change 

levels of QAs throughout the day (Wink and Witte 1984). To counter these 

potential problems, plant samples were all taken within one hour of 11:00 AM. 

In addition, samples were clipped off the plant, weighed in the field using a spring 

scale accurate to 0.1 gram (all samples were five grams), and placed immediately 

into methanol. Leaves sampled were always undamaged and attached to the 

fourth petiole below the inflorescence. Flowers sampled were all near opening or 

recently opened. Calyces were removed. For some analyses, flowers were divided 

into three parts: petals, female reproductive parts, and male reproductive parts, 

and each part stored and analyzed separately. 

All samples were analyzed with capillary GLC in Heidelberg, Germany, in the 

laboratory of Dr. Prof. Michael Wink, a specialist in lupine quinl)lizidine 

alkaloids. His knowledge and vast library of previous results greatly enhanced the 

effectiveness of the methods described here. Samples were then sent to Ludger 
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Witte and analyzed with GLC-MS. 

Alkaloid extraction--Samples were thoroughly ground, allowed to stand in 

MeOH, and filtered with fresh MeOH. MeOH was removed with a rotovapor, 

and the residual transferred with 0.5 M HCl. Homogenate was then made alkaline 

with 6 M. NaOH and subjected to solid-phase extraction using Chern elut columns 

and methylene choride as a solvent. Solvent was evaporated with a rotovapor. 

Alkaloid analysis--Alkaloid extracts were separated on fused-silica columns 

(30rnX0.32mm, 1um film) with bonded methylsilicon phases (DB-I). A Varian 

gas chromatograph (3300), equipped with a nitrogen-specific detector and a 

Spectra Physics integrator was employed. GLC conditions: carrier gas:helium 1.2 

bar, split injection 1:20; Injector temperature: 250 degrees C; temperature 

detector: 300 degrees c.;Oven: 150 degrees C, 1 minute isothermai, 150-300 C 

with 10 C/min, then 20 minutes isothermal. Sparteine was used as an external 

standard. GLC-MS consisted of a Carlo-Erba 5160 GC (equipped with a DB-1 30 

rnx0.32 mm column) which was coupled to the quadrupole mass spectrometer 

Finnigan MAT 4515. Retention indices were calculated using co

chromatographed standard hydrocarbons according to Wehrli & Kovats (1959). 

Spectra were recorded at 70 e V and evaluated with the Incos Data System. 

RESULTS 

Larval Mortality in the Field: 

In sum, several hundred hours were spent observing G. lygdamus in the field. 

Despite this, only one actual act of predation was observed (one larva was found 

in a spider web). All mortality reported below is circumstantial. When, for 
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example, a larva had been present one day, but two days later the larva and the 

stalk it had been on was missing, the larva was assumed to have died because of 

grazing. 

Gold Basin Site 

All four Gold Basin sites were heavily grazed by cattle. At all sites, cattle 

accounted for a significant proportion of G. lygdamus mortality. T. montana and 

L. floribundus are both quite unpalatable to cattle and larval mortality was usually 

due to cattle trampling the plant. Vicia is palatable to cattle, and larval mortality 

on it was always due to the plant being eaten. Summing over all sites, mortality 

was directly traceable to cattle in 149 of the 306 (48.7%) monitored eggs. 

Data presented below on larval mortality and growth were combined across 

Gold Basin sites. I did this because numbers at all sites are low (although in 

some cases every egg at a site was marked). I feel it was biologically justifiable 

for the following reasons: (1) the alkaloid composition and morphology of L. 

floribundus and T. montana did not vary dramatically between sites, as they do for 

other Lupine species (see Table 2.4); (2) the sites were all near to each other and 

very similar in flora, fauna, and geomorphology; and, most importantly, (3) in all 

cases where I combine data, trends for larval mortality and growth were the same 

at each site. Cattle grazing at these sites and in most of the west has been part of 

the landscape for about 100 years, and I suggest that grazing be included as a 

"natural" cause of mortality. However, grazing intensity is also artificially 

"regulated" by humans and grazing does not occur at all in a few rare areas; I 

therefore analyzed data with cattle effects excluded as well (Table 2.1). 

All eggs (n=5) monitored on Vicia were destroyed by grazing, and although five 



59 

is not a large sample size, the total above-ground disappearance of all Vida within 

several days of the arrival of cattle to a site suggests that larval survival on Vida 

in grazing territory must have been extremely low. Total mortality on T. montana 

was significantly less than on L. floribundus. Both cattle and other effects 

contributed to this difference, although neither by itself was statistically significant 

in a two-tailed t-test (Table 2.1). Cattle-induced larval mortality on L. jloribundus 

was probably higher because (1) T. montana usually occurred in large, dense 

patches unattractive to cattle, whereas L. jloribundus usually grew ira grassy areas 

frequented by cattle; and (2) cattle often broke off only the top, inflorescence

supporting portion of the plant. When this happened on T. montana, the larvae 

shifted to eating leaves; whereas when it happened on L. jloribundus the larvae 

died--they could not survive on L. jloribundus leaves (see below). The greater 

non-cattle induced mortality on L. floribundus is due, at least in part, to a higher 

incidence of egg parasitism on this plant (Table 2.1). Emerging larvae and 

parasites make quite different exit holes in the egg shell and the two can be 

readily distinguished in the field. Only one parasitoid individual was actually 

captured, Triclzogramma minutum Riley, and the identity of the others remains 

unknown. 12 monitored eggs on L. floribundus were parasitized to only one on T. 

montana. The difference is statistically significant (see table 2.1). 



Table 2.1. G. lygdamus mortality (from egg to full-grown larva) at Gold Basin in 
1991. "Significance" refers to the significance of the difference in survival on T. 
montana and L. floribundus (2-tailed t-test for equality of percentages. Sakal & 
Rohlf (1981), p. 765). 

.·::;!·{;·:·:"m§!t~ij~;:·::·~:;:·;:~·;··:·:.::I·::ih:;2.;·\··itt;1~!4k4fi~4~j:·:1·;:.;~~:;:·;·Ii¥~$;?~!~;.::·:·I;·j~;~§ti;ru·~$~~ij§~;::i·;;'.: 
TOTAL EGGS MARKED 105 196 5 

% KILLED BY CATTLE 40.1% 51.5% 100% P < .06 

% TOTAL MORTALITY 66.8% 79.6% 100% P < .05 
(INCLUDING CATTLE) 

% TOTAL MORTALITY 45.2% 58.9% NA I p < .10 
(EXCLUDING CATTLE) 

% TOTAL MORTALITY DUE 1.6% 13.0% NA I p < .005 
TO EGG PARASITOIDS 
(EXCLUDING CATTLE) 

0\ 
o 
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Fantasy Site 

G. /ygdamus larval mortality was recorded for 1990 and 1991 at the Fantasy site. 

In neither year was there a significant effect of host species (Table 2.2), but for 

each host plant, survival was higher in 1991 than 1990. High mortality in 1990 

was due to (1) a late frost that killed many early-blooming lupine inflorescences, 

(2) a drought that caused many plants to suffer severe water stress, and (3) very 

significant gopher predation, virtually absent in 1991. The late frost and severe 

drought indirectly caused larval mortality by forcing larvae to eat leaves (because 

flowers were not available), As we see below, larvae grow significantly slower and 

have higher mortality on leaves than flowers. Gopher predation contributed 

directly to larval predation--Iarvae disappeared with the plant. 



Table 2.2. G. lygdamus mortality (from egg to full-grown larva) at Fantasy in 1990 
and 1991. Larvae survive equally on both host species, but survive significantly 
better in 1991 than in 1990 (2-tailed·p < .05, t-test for equality of percentages, 
Sokol & Rohlf (1981), p. 765). 

EGGS MARKED 1990 57 45 

% MORTALITY 1990 81. 7% 82.2% 

% MORTALITY DUE TO GOPHERS 9.2% 9.4% 
1990 

EGGS MARKED 1991 51 19 

% MORTALITY 1991 58.8% 63.2% 

% MORTALITY DUE TO GOPHERS 0.0% 0.0% 
1991 

0\ 
N 



63 

Larval Growth in the Field: 

On all host species, larvae fed on the petals and pollen of young flowers 

whenever they were present. If no flowers were available, larvae fed on outer 

fruit walls and, sometimes, seeds. Only if no reproductive tissue was available did 

larvae feed on leaves, although larvae were never observed to feed on the leaves 

of L. floribundus. For all field data, larval length was used as a growth 

measurement. Measurements of both larval length and larval mass in the 

laboratory gave a Pearson Correlation coefficient between the two of .937 (n=38). 

Gold Basin Site 

Larval growth, as measured by length over time, was better described by an 

exponential than a linear model. For each larva, a growth rate was determined by 

dividing the natural log of the length of the final instar by the number of days 

after egg hatch that the measurement was made. These growth rates had a 

normal distribution. Growth rates for larvae feeding on the reproductive tissues 

of L. floribundus were significantly larger than those for larvae feeding on the 

reproductive tissues of T. montana (ANOYA, R 2 = .203, df = 49, F = 9.99, P < 

.01). In addition, larvae feeding on T. montana reproductive tissues grew 

significantly faster than those on T. montana leaves (ANOY A, R 2 = .404, df = 

30, F = 19.7, P < .0001). Larvae feeding on L. floribundus reproductive tissues 

reached full size (15mm) an average of 19.3 days after egg hatch, while those 

feeding on T. montana reproductive tissues and T. montana leaves reached full 

size 25.2 and 29.2 days after egg hatch respectively. 

Fantasy Site 

Larval growth for a given host species and tissue type did not differ between 

years, so 1990 and 1991 data were combined for the following analysis. For each 

larva, a growth rate was calculated by dividing the length of the final instar by the 
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days after hatch that the measurement occurred. Growth rates were normally 

distributed. A two way ANOYA, with 33 degrees of freedom and lupine species 

as one category and feeding location (reproductive tissue or leaf) as the other, 

showed larvae to grow equally well on both lupine species (F = 1.27, P = .27) but 

to grow significantly faster on reproductive tissues than leaves (F = 6.53, P < .05). 

There was no interaction between the two categories. R 2 equaled 0.59. Larvae 

feeding on reproductive tissues reached full size (lSmm) an average of 25.3 days 

after egg hatch, while those feeding on leaves took an average of 37.7 days. 

Flowering Phenology: 

It is evident that larvae did much better on flowers than on leaves. Below I give 

three lines of evidence that not only the availability of flowers, but flower age is 

critical to developing larvae. First I show a correlation between floral age and 

larval survival in the field. Next, I show that the same result is obtained when 

floral age is manipulated experimentally. And last, I show that differences in 

larval performance on L. floribundus and T. montana are probably due to 

differential availability of young flowers and not to differences in the quality of 

equal-aged flowers. 

Field Correlations 

Ovipositing G. /ygdamus usually placed eggs singly on the calyx of a flower that 

was still closed, showed no outward sign of petal color, and was part of an 

inflorescence with no flowers more advanced than this but that was at least 1 cm. 

long (Chapter 1). The location of the egg-receiving flower bud on an 

inflorescence was quite variable and seemed to correlate with inflorescence age. 

The older the inflorescence (Le., the nearer the lowest flowers on the 
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inflorescence were to opening), the higher the egg was placed on that 

inflorescence. When eggs hatched, first instar larvae immediately ate through the 

wing petal of a ready-to-open flower and, once inside, ate pollen. These 

observations suggest that ovipositing females may vary the location of the egg on 

the inflorescence so as to have the egg hatch on or near a ready-to-open flower. 

The flowers on Lupinus and Tizermopsis are attached in discrete whorls (or 

verticiIs) to the inflorescence, and when the inflorescence is mature, these whorls 

are about 1 cm. apart. On average, the flowers of each whorl opened 2 days 

before the flowers on the whorl above. Inflorescences averaged 9.7 such whorls. 

83% (n=72) of hatching eggs occurred within two whorls (2 cms.) of a just

opening flower (Figure 2.1). Consequently, 83% of the egg-bearing flowers began 

to open within four days of egg hatch. A significantly lower percentage of larvae 

survived when their egg was not placed within two whorls of an opening flower 

(Chi-Square p < .05) (Figure 2.1). 



, Figure 2.1. The influence of G. lygdamus egg location on larval survival. Eggs 
hatching within two rows (whorls) of a just-opening flower survived significantly 
better than those not hatching within two rows (Chi-Square = 6.58, p<.05). 
Data is combined across four host species: L. bakeri, L. caudatus, L. jloribundus, 
and T. montana. Survival rates are artificially high because cases in which the 
inflorescence died (i.e. by frost, drought or grazing) are not included in this 
analysis. ' 
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Experiments 

Eggs were placed on inflorescences of different ages both in the field and in the 

laboratory. Survival rates were all low; however, the resulting pattern is still 

significant and suggests strongly that floral age is critical to larval survival (Table 

2.3). As hypothesized, more larvae survived on inflorescences of the age 

naturally-chosen by ovipositing butterflies than on inflorescences either younger or 

older than this. Both laboratory and field results are significant at p < .05 (exact 

test, see Table 2.3). Since the same pattern is observed both in the field and in 

the laboratory, the pattern is probably due to food quality and not to differential 

predation, time of year, or any other variables relevant only in the field. 



Table 2.3. Influence of flower age on larval survival. 
Number of G. lygdamus larvae surviving after being placed, 
as eggs, on L. bakeri inflorescences of three ages: 

68 

"normal "-corresponding to that normally chosen by 
ovipositing adults, and inflorescences either older ("old") 
or younger ("young") than this. The experiment was 
conducted in 1991 both (1) in the field near Gothic, 
Colorado, and (2) in the laboratory, with larvae placed in 
paper cups and fed reproductive tissue of the appropriate 
phenology. All treatments started with 20 eggs. "P" is the 
probability of the results or anything more extreme in the 
direction hypothesized as determined by an exact test. 

surviving in field 
surviving in laboratory 

Total surviving 

Young 

o 
o 

o 

Normal 

4 
5 

9 

Old 

1 
o 

1 

p 

.045 

.0041 

.00036 



Flower Availability: Differences between Host Species Influence Larval 
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A L. floribundus inflorescence averaged over 80 sequentially-opening flowers. In 

addition, all stalks possessed a number of secondary inflorescences. Consequently, 

larvae were almost always able to feed entirely on young floral tissue throughout 

their development, and it was only the occasional, near-full-grown larva that was 

observed feeding on a L. floribundus fruit wall or young seed. T. montana 

inflorescences, on the other hand, occurred singly on the stalk and averaged only 

14 flowers. The youngest flowers had always dropped their petals and matured 

into seed pods before larvae finished development, so that larvae had to feed on 

nonfloral tissue. Larvae stopped feeding on flowers an average of 10.5 days after 

they hatched, although there is considerable variance in this number. Below I 

investigate how much of the difference between larval growth rates on T. montana 

and L. floribundus is due to the increased length of time that floral tissue is 

available to feeding larvae on L. floribundus. 

I approached the question three ways. The first approach was to compare the 

growth rates of larvae on T. montana flowers (Le., before day 10.5) to the growth 

rates of larvae on L. floribundus over the same time period. Growth rates were 

determined as above, and an ANOYA used to make the comparison. No 

difference was found (df = 41, F = 2.04, P = .16), and average growth rates on T. 

montana were actually higher than those on L. floribundus. The second approach 

was to compare early instar mortality on both hosts, as young larvae are generally 

the most sensitive to differences in food quality (Reese et a1. 1982, Rossiter et a1. 

1986). Even after effects of cattle and egg parasitoids are removed, mortality on 

L. floribundus was higher than that on T. montana. The final approach was to 

divide larvae on Tizermopsis into two groups: those that fed on developing fruit 
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walls earlier than average (i.e. before 10.5 days) and those that fed on developing 

fruit walls later than average (after 10.5 days). Growth rates for larvae in each 

group were determined (as above) and compared using an ANDV A. As 

predicted, those feeding on floral tissue longer than average grew significantly 

faster than those forced relatively early to feed on fruit walls (R 2 = 0.32, df = 
20, F = 9.0, P < .01) (see Figure 2.2). 

Alkaloid Analysis: 

Total alkaloid content varied substantially with plant species, site, time of year, 

and plant tissue/organ type. 284 samples from all host species at all sites (except 

Stubbs) used in growth experiments were analyzed. I present results in Table 2.4. 

Chemical profiles for L. floribundus and T. montana were similar for all sites 

analyzed, so only those from the Hilmo site are presented. My results (although 

not my interpretations thereof) agree well with those presented in Dolinger et al. 

(1973) and may be supplemented by them. No significant differences in alkaloid 

concentration or composition were found between different floral tissues. Finally, 

larvae, pupae, and adults of G. /ygdamus were analyzed--they do not sequester 

alkaloids. 
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. Figure 2.2. The length (mm) versus days-after-hatch for G. lygdamus larvae on 
Tizermopsis in the field at Gold Basin. All data points are independent. lbose 
feeding on flowers at day 10.5, the mean day for initiation of pod feeding, are termed 
"flower feeding"; those feeding on pods at day 10.5 are termed "pod feeding". The 
regression line is the best fit to data for all larvae feeding on Tizermopsis reproductive 
organs. , 

DATE OF FIRST POD FEEDING: 
Effects on Larval Growth Rate 
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The majority of alkaloids found in the samples had been previously described in 

the laboratories of either Wink or Witte and thus were readily identified by 

comparison of retention indices and electron impact (EI) mass spectra to those of 

reference compounds or literature data. Only the names of these compounds are 

reported here. Some alkaloids were new, however. These alkaloids were not 

isolated and their identifications presented here are only tentative, based on EI 

mass spectra. The Retention indices, molecular ions, and important fragments of 

tentatively-identified or unknown alkaloids are presented in Table 2.5. 

With the exception of occasional traces of ammodendrine, all of the alkaloids 

found in L. alba (bitter and sweet), L. caudatus, L. jloribundus, and T. montana 

are tricyclic or tetracyclic quinolizidine alkaloids or derivatives. In L. bakeri, 

however, the dominant alkaloids are bicyclic (lupinine, lusitamine) QAs or of the 

dipiperidyl type (ammodendrine). The alkaloid profile of L. alba var. Lucky 

(sweet) and var. sitia (bitter) is not identical to any of the butterfly's natural host 

plants at the study sites. However, all but two of the alkaloids found in L. alba 

are also found in local host species, and, in gen.eral, the alkaloid profile of L. alba 

is much more similar to L. caudatus and L. jloribundus than the alkaloid profile of 

either of these two is to either L. baked or T. montana (or to Vida, which has no 

QAs whatsoever). 



73 

" Table 2.4. Host plant alkaloid contents. Host species and tissue type, sample location, total 
micrograms alkaloid per gram sample (wet weight), and percentage break down by alkaloid type of ~ 
lygdamus hostplant species. All samples were clipped from plants within an hour of noon, weighed, 
and placed immediately in HeOH. See text for a specific description of tissue types sampled and for 
methods of alkaloid determination. Results of samples from only one Gold Basin site (Hilmo) are 
presented here but they are quite representative of the total alkaloid content and composition for 
the same host species at other Gold Basin sites. Alkaloids making up less than one percent of the 
total alkaloid composition are not included. L. bakeri at Fantasy are of two chemical types. *--IOs 
are tentative, see Table 2.11. 
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Toole 2.5. Characteristics of tentatively-identified alkaloids. Retention indices, molecular ions, and 
important fragments as well as the plant species and sites at which they were sampled of tentatively 
identified or unknown alkaloids. For a complete list of the alkaloids found in these host plants see 
Table 2.10. Fragments result from EI Mass Spectrometry. Percentage of the highest peak appears in 
parenthesis. Locations are Fantasy, Gothic, and Hilmo. 

Alkaloid (IDs tentative) plant species location RI M+ fragl(%) frag2(%) frag3(%) frag4(%) frag5(%) 

x-hydroxyammodendrine L. bakeri F,G 2092 224 207(100) 43(63) 109(47) 165(44) 108(43) 

x,y, dehydrolupanine L. caudatus F 2130 246 150(100) 136(96) 134(46) 245(41) 110(40) 

x,y-dehydro-z-OHlupanine L. caudatus F 2240 262 166(100) 152(85) 110(80) 84 (73) 98(55) 

x-hydroxy1upanine L. caudatus F 2397 264 152(100) 138(40) 112 (37) 84(35) 55(21) 

N'-angeloyl-Oxyammodendrine L. bakeri F 2520 306 207(100) 206(38) 163(32) 161(28) 291(11) 

f21 L. floribundus H 2890 362 245(100) 112(91) 263(62) 149(33) 344(3) 

o...l 
.:. 
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Larval Performance in the Laboratory: 

Larval growth in the laboratory was always slightly slower than that observed in 

the field. Differences could be due to plants being picked, different temperature 

or light conditions, absence of tending ants, etc. Nevertheless, the laboratory 

growth data offers some very interesting insights. I analyze the data using 

survivorship and the two growth variables: pupal mass and time from egg hatch to 

pupation. Both have been demonstrated in other studies to correlate with fitness 

(e.g. Drooz 1965, Hough and Pimentel 1978, Blau 1981). 

Results group roughly into six, food-dependent "growth patterns" (Table 2.6). 

Larvae performed best on sweet leaves and worst on the leaves of native hosts. 

Performance on the flowers of native hosts was also high. Table 2.7 ranks the 

total alkaloid content of food plants and the mortality of larvae raised in cups on 

those food plants (Vida is not included because it has no alkaloids). Total 

alkaloid content correlates significantly with mortality (Spearman Rank 

Correlation, p < .05, 2-tailed). 
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Table 2.6. Larval performance in the laboratory. 
Mortality, time from egg hatch to the start of pupation, and 
pupal mass of G. lygdamus larvae raised in paper cups in the 
laboratory. There are six patterns of larval growth--those 
of larvae on: (1) leaves of sweet lupine (L. alba Lucky) (2) 
young flowers of L. bakeri, L. floribundus, and Vicia 
americana; (3) leaves of bitter lupine (L. alba sitia); (4) 
leaves of native hosts: L. floribundus, L. caudatus, L. 
bakeri, and T. montana; (5) flowers, and later pods, of T. 
montana; and (6) leaves of Vicia americana. 

1. Sweet 
leaves 

2. Young 
Flowers of 
Native Hosts 

3. Bitter 
Leaves 

4. Leaves of 
Native Hosts 

5. T. montana 

6. Vicia 
Leaves 

ive 

70.6%(17) 

78.5%(65) 

78.3%(23) 

96.0%(74) 

80.0%(20) 

96.6%(29) 

32.2 ± 0.4** 72.0 ± 4.7* 

30.4 ± 0.6** 59.3 ± 2.7 

47.0 ± 3.4 57.0 ± 3.5 

54.7 ± 8.8 56.3 ± 3.2 

41.5 ± 0.6 30.7 ± 5.0* 

72.0*** 32.0*** 

* Significantly different from all other groups (2-tailed 
t-test corrected for multiple comparisons, p < .05) 
** Not different from each other but both are significantly 
different from all other groups (2-tailed t-test corrected 
for multiple comparisons, p < .01) 
*** Only one larva survived. No statistics are done. 
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Table 2.7. Correlations between alkaloid content and larval 
mortality. G. lygdamus were raised in cups in the laboratory 
on these food types in 1991. Mortality rank (high to low) are 
given. The correlation is significant (Spearman Rank 
Correlation, p < .05, 2-tailed). L. bakeri leaves came from 
the Fantasy site and represent the average of the two chemical 
types there, while flowers came from the Gothic site. All 
other plants come from sites listed in Table 10. 

Food 

L. caudatus leaves 
L. bakeri leaves 
L. floribundus flowers 
Thermopsis leaves 
L. floribundus leaves 
Thermopsis flowers 
L. bakeri flowers 
Bitter leaves 
Sweet leaves 

alkaloid content 
(ug/g wet weight) 

(rank) 

4788 
4008 
2803 
2020 
1415 

760 
750 
379 

19 

Mortality (%) 
(rank) 

100(2) 
94(3) 
80(5.5) 
89(4) 

100(1) 
80(5.5) 
75(8) 
78(7) 
70(9) 
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Ant Attendance: 

Gold Basin Site 

At Gold Basin, four different species of attendant ant were observed tending 

larvae: Fonnica altipetens, F. fusca, F. obscuripes, and Tapinoma sessile. The latter 

two were quite rare and excluded from analyses, as were data for any larva not 

feeding on plant reproductive tissues. 168 independent observations were made. 

Data were blocked by site and analyzed using an ANCOVA with host species as 

the categorical variable and larval length the covariate. Both larval length (p < 

.001) and site (p < .001) had a highly significant influence on attendant ant 

number, but there was no effect of the variable of interest for this study, host 

species. 

Fantasy Site 

I grouped the ant species tending larvae at the Fantasy site into 3 different 

categories: aggressive (F. obscuripes), large and nonaggressive (F. jusca), and small 

and non aggressive (a small, unidentified Formica spp. and Tapinoma sessile). 

Aggressive ants attack intruding insects (Addicott 1978) and fingers, while 

nonaggressive ants drop off the plant. 145 independent observations were made. 

The species composition of tending ants differed significantly on the two host 

plant species (Figure 2.3), with more large, aggressive ants and fewer small, 

nonaggressive ants tending larvae on L. baked. As for Gold Basin, the data is 

analyzed using an ANCOVA, with host species as the categorical variable and 

larval length the covariate. The influence of larval length was again highly 

significant (p < .001), but there was also a significant effect of host species (p < 

.01), with larvae on L. bakeri tended by significantly more ants. Full grown 



(15mm) larvae on L. bakeri were tended by an average of 4.6 ants; those on L. 

caudatus by an average of 3.1 ants. 
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Figure 2.3. Proportions of G. /ygdal1lus larvae on two lupine species at the 
Fantasy site in 1990 and 1991 that are tended by ants in each of three categories: 
(1) large and aggressive; (2) large and nonaggressive; and (3) small and 
nonaggressive. The difference between host species is significant (X2 = 13.3, P < 
.005). 

Ant types tending G.~ Iygdamus larvae 
on two lupine species 

L. bakerl L. caudatus 
Lupine Species 
, . . .. 

~ large, aggressive 0 large nonaggresslve ~ small nonaggresslve 
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DISCUSSION 

Larval performance is influenced by the cattle grazing, egg parasitoids, gophers, 

ant attendance, flower availability and food alkaloid content. All but one of these 

variables differed between host plant species. Host species that were relatively 

good hosts, as measured by one variable, were often relatively bad as measured by 

another, and it is not clear at all which host species are the most favorable for G. 

lygdamus. Below I summarize and discuss results one theme at a time. 

Larval Survivorship in the Field: 

At the Gold Basin site, survivorship differs on different host species due to 

differential effects of cattle and egg parasitoids. In combination, they cause 

significantly greater larval mortality on L. floribulldus than on Tizermopsis. 

Although often hypothesized (e.g. Brower 1958, Holt 1977, Bernays and Graham 

1988), data documenting differential predation on different host species are rare 

(but see Rossiter 1981, Bellinger et al. 1988, Watt 1989, Dionne et al. 1990). On 

Vida, larvae did not survive at all because of cattle grazing; however, even if 

cattle were absent, larval performance would probably be low. The growth form 

of Vida differs from other hosts in that flowers are not clustered in large 

inflorescences but are spread out in twos or threes along the vine. The larval 

growth experiment in cups indicates that larvae do very poorly on Vida leaves, but 

to avoid leaves in the field, larvae must usually move half-a-meter every few days 

and be lucky enough to be in the rare, big Vida patch. In three years of searching 

virtually every Vida I saw (n > 4000) at all field sites, I have found about 30 eggs 

but only one larva, and it was eating leaves. It seems likely that Vida is a poor 

host for G. /ygdamus. It is interesting, therefore, that when landing on Vida, G. 
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/ygdamus oviposits relatively often (chapter 1). 

At the Fantasy site, no difference in larval mortality on the two host species, L. 

caudatus and L. bakeri, was found. However, in 1991, larvae survived significantly 

better on both hosts than in 1990. The greater mortality in 1990 was due to 

drought and late frost, which combined to result in fewer available flowers, forcing 

more larvae to feed on inferior-quality leaves. The drought was also the probable 

cause of the greater gopher grazing on lupine in 1990. If drought can have such 

an influence on larval mortality, then plants less susceptible to drought (like 

Tizermopsis, which grows in wet areas) might be better hosts in drought years than 

plants like Lupine that grow in dry areas and are vulnerable to drought 

(Breedlove and Ehrlich 1972, see Chapter 3 for a further discussion). 

Ant Attendance 

Another variable potentially influencing larval mortality is ant attendance. 

Attendant ants deter parasitoids and thus may result in lower larval mortality 

(Pierce and Mead 1981). At the Gold Basin site, no host-species effect on ant 

attendance was found. At Fantasy, however, larvae on L. bakeri were tended by 

significantly more ants and more aggressive ants than those on L. caudatus, and it 

seems quite possible that, although parasitism rates were not systematically 

measured in this study, this difference has fitness consequences for larvae. This 

study is one of the first to find differential attendance of the same insect species 

on different host species (but see Sudd 1983). The difference is probably due to 

the presence of extrafloral nectaries on L. bakeri, but not L. caudatus, early in the 

season. The early presence of EFNs gives ants a longer time to find the plant 
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(and larvae feeding on it) as well as a longer time for aggressive ants to displace 

less aggressive ones. In unpublished work with artificial baits at the Fantasy site, I 

have found aggressive ants to be slower "colonizers" to food sources than 

nonaggressive ants, but to replace nonaggressive ants when they arrive. Fellers 

(1987) has found a similar pattern. Larger ants are also slower colonizers than 

smaller ants. The early presence of EFNs on L. baked can thus account for both 

the greater number of tending ants and the greater percentage of large and 

aggressive ants on this host species. I have found a similar pattern at the Fantasy 

site for a species of membracid, which has as one of its host plants, Heliimtlzella, 

also an EFN-bearing plant. Membracids on this host are tended by significantly 

more ants, and more aggressive ants than those on fleabane, Erigeron, which has 

no EFNs (unpub. data). 

Larval Growth in the Field 

The single most important factor influencing larval growth in the field was the 

availability of floral tissues. On all host species, larvae consistently performed 

better on flowers than on leaves. Thus, for G. lygdamus, there is no fixed 

hierarchy of hostplant quality; the relative rankings of different host species 

depends upon their flower availability at the moment of feeding. Some host 

species, e.g., L. jloribulldus, have flowers available for a longer period of time than 

other host species, e.g. T. montana, and are thus, as a whole, superior hosts. 

However, the quality of a L. jloribundus flower does not seem to be any higher 

than that of a T. montana flower. 

Why is flower availability so critical to developing G. lygdamus larvae? One clue 
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is offered by the importance to larvae of not only flower availability but flower 

age. Larvae hatching near to an opening flower survived significantly better than 

those hatching further from an opening flower but still on a flower, only one of a 

slightly different age. In addition, in matching manipulative experiments in the 

field and in the laboratory, larvae were found to survive significantly better when 

eggs were placed on inflorescences of the age chosen by ovipositing females than 

on inflorescences slightly older or younger than this. Young larvae, both in the 

field and in the laboratory, almost always eat through the wing petal of a 

unopened flower and eat pollen (these flowers are protandrous, and pollen is 

abundant only in young flowers). It seems probable that it is early pollen 

consumption that is important in minimizing larval mortality. Why? 

One possibility is that by consuming pollen, larvae are avoiding deleterious 

effects of alkaloids. Alkaloids had a consistent and negative impact on larval 

performance. Larvae on sweet lupine a lower mortality, significantly higher pupal 

mass and significantly shorter development time than did thuse on bitter lupine. 

In addition, total alkaloid content of native hosts correlated significantly with 

larval mortality in the laboratory. Neither flowers nor pollen, however, 

consistently have a lower alkaloid content than other plant tissues. In fact, the 

flowers with the highest alkaloid content relative to leaves of the same plant are 

those of L. floribundus. Yet G. /ygdamus larvae do very well on L. floribundus 

flowers and do not survive on L. floribundus leaves. Clearly, alkaloid content 

alone is not a sufficient explanation for flower feeding. However, the negative 

effects of allelochemicals may be ameliorated by high levels of nitrogen (Johnson 

and Bentley 1988), which, along with water, occurs in high levels in floral tissue 



85 

(Burgess 1991 and references therein) and pollen (Buchmann 1986, pers. comm.). 

G. /ygdamus larvae may be able to tolerate the alkaloids in their hosts when 

feeding on otherwise high quality plant tissue, but not when feeding on poorer 

quality leaves. Alkaloids, even in flowers, may still be having a negative influence 

on larval performance, however, because larvae feeding on flowers had higher 

mortality and a significantly lower pupal mass than did those larvae feeding on 

the leaves of Sweet lupine. 

Pierce (1985) has suggested that flower feeding is important for lycaenids in 

general because the high nitrogen content in flowers increases the attractiveness 

of feeding larvae to tending ants. In this study, larvae feeding on leaves and 

reproductive tissues were tended equally well. Furthermore, in the laboratory, 

where predators and ants are not a factor, larvae still performed significantly 

better on flowers than on leaves. It seems unlikely that ant attendance is the 

dominant selective factor influencing flower feeding by G. lygdamus. 

Implications for Host Range 

The data I present here and data presented in chapter 1 documenting the 

importance of flower availability to ovipositing adults offer support for the 

suggestions made by Robbins and Aiello (1982). They note a high incidence of 

flower-feeding in lycaenids (see also Shields 1975, Pierce 1985, and Jordeno et al. 

1990) and suggest three possible consequences: (1) flower-feeding may allow 

lycaenids to feed on plants whose leaves are chemically unavailable, (2) it may 

allow individual lycaenid species to utilize a variety of unrelated hosts (here they 

note that some lycaenids, such has Strymoll melillus that utilizes 46 genera in 21 



families, do have unusually wide host ranges (see also Atsatt 1981»; and (3) the 

abundance and diversity of adult lycaenids might track the diversity and 

abundance of flowering plants. I add that plant families with pollen-rich, 

abundant flowers, like Leguminosae, might commonly be the hosts of flower

feeding herbivores. A high percentage of Lycaenids are, in fact, legume feeders 

(Pierce 1985). 
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Two other factors might act to broaden the host range of G. /ygdamus at my 

study sites. The first is the temporal unpredictability of floral tissue (see chapter 

1 and 3 for a further discussion). The second is the relative quality of different 

host species changing from year to year. For example, larvae grew faster on L. 

floribundus, but survived better on T. montana. Mortality factors can be expected 

to vary from year to year, and with them will vary the relative overall qualities of 

L. floribundus and T. montana as hosts. In a year that the BLM regulates grazing, 

L. floribundus may be the best host, because cattle-induced mortality on L. 

floribundus will be low. In years of heavy grazing pressure, however, T. montana 

may be the better host, because larvae on this host will survive significantly better. 

The overall effect of this variation in selective pressures, therefore, is to prevent 

specialization on anyone host. 

The Relationship between Larval Performance and Oviposition Preference. 

Ovipositing butterflies choose any potential host plant with flowers over any 

potential host plant without flowers and prefer L. floribundus to T. montana when 

both have flowers (Chapter 1). These results correspond with those of larval 

growth studies but not mortality studies. Perhaps it is preferable to have a few 
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large offspring to many smaller ones, or perhaps larval growth is the most 

consistent predictor of larval performance, while other factors vary geographically 

and temporally. 

The correlation between oviposition preference and larval growth is now readily 

apparent. It is unlikely, however, that such a correlation would have been found 

if phenology effects had not been incorporated, a priori, into the experimental 

design or if the study had been done in the laboratory. Host plant phenology has 

been shown, in a number of instances, to be important for larval performance 

(Watt & McFarlane 1991, references in Ohgushi 1992), and it seems likely that 

researchers would more often find positive correlations between oviposition 

preference and larval performance if the potential effects of host plant phenology 

were incorporated into experimental designs. 

Comparisons to Previous Research 

This research was motivated in part by a paper by Dolinger et al. (1973), which 

is still one of the most frequently-cited examples of coevolution between an 

herbivore and its host plants. These author~ found total alkaloid content to be 

higher in potential host species phenologically available to G. 19ydamus than in 

those phenologically unavailable, and attribute this to selection pressure by the 

butterfly. My data support the conclusion that phenology is important to the 

butterfly but gives little indication that the butterfly is one of the primary selection 

forces upon plant alkaloids. Data from all the monitored host plants described 

here, additional data from 82 other monitored host plants over a three year 

period in areas frequented by G. lygdamus, and three full summers of personal 
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observation all indicate that seed loss due to G. lygdamus predation is consistently 

minute (Le. < 1%) compared to losses suffered from gophers, cattle, elk and 

deer, a number of different dipteran and lepidopteran seed predators, aphids and 

a Gelechiid moth. 

Of the host species phenologically available to G. lygdamus, Dolinger et al. 

(1973) found that adults prefer, and larvae survive on, L. jloribundus. They 

suggest that larvae have evolved tolerance to the relatively invariable alkaloids 

present in L. jlorfbundus. My results agree with the observation that L. 

jloribundus is the preferred host, but offer no support for the idea that the 

"invariable" alkaloids in this plant are the cause. Three lines of evidence, in fact, 

point to the contrary. First, if, as my data indicate, alkaloid content is one of the 

main barriers preventing larvae from performing well on leaves, then the larvae 

should do better on the leaves of those host species chemically most acceptable. 

L. jloribundus, however, was the only host on which I never saw larvae eat leaves, 

either in the field or in the laboratory. All lar-;ae forced to eat L. jloribundus 

leaves died. Second, larvae survived better and grew as fast on TlzemlOpsis 

flowers as they did on L. floribundus flowers. Larval growth on Tizermopsis 

slowed only when larvae began to eat old flowers and pods, indicating that a 

shorter period of flower availability rather than a greater alkaloid toxicity 

probably accounts for the slower overall growth on this host. Finally, the ability 

of larvae to do relatively well on the leaves of Bitter Lupine and, when 

transferred, on host plants from novel sites, even though these contained novel 

alkaloid combinations, indicates that alkaloid variability is not necessarily an 

effective defense against G. lygdamus predation. 
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Conclusions 

In summary, the relative performance of G. lygdamus larvae on different host 

plants is influence or potentially influenced by cattle, gophers, ants, parasitoids, 

weather, alkaloids, and flower availability. Furthermore, no single selective 

variable is independent of the others. For instance, at the Gold Basin site, T. 

montana may be a better host than L. floribundus if cattle grazing is heavy, it is a 

drought year, egg parasitization is high, or if butterflies fly early relative to L. 

floribundus flowering, hut not otherwise. Likewise, at the Fantasy site, L. bakeri 

may be a better hest than L. caudatus if parasitism levels are high (because more 

ants tend larvae on L. baked), but a poorer host if butterflies fly late relative to L. 

bakeri flowering time. If understanding offspring performance and its relationship 

to oviposition preference, is, as Thompson (1988) suggests, the crux of 

understanding the evolutionary ecology of host associations in insect/plant 

interactions, then we need to include mUltiple variables into the analyses. 



90 

CHAPTER 3: The Patch Dynamics of Glaucopsyc/ze lygdamus (Lycaenidae): 
Correlations between Butterfly Density and Host Species Diversity. 

ABSTRACT: Glaucopsyc/ze lygdamus egg densities were surveyed over a 2000-

meter section of Gold Creek and at 30 different isolated patches in the Gold 

Basin drainage in Colorado. Host plant numbers and diversity were quantified, as 

well as other variables potentially influencing butterfly population size, such as 

patch size and isolation. Egg densities correlated significantly only with measures 

of host species diversity. Patches consisting of a single host species, no matter 

how large, did not support high butterfly densities, but patches of multiple, 

equitably distributed host species did. Various hypotheses for these results are 

discussed. The most likely, in light of oviposition preference and larval 

performance data accumulated for this butterfly species (Carey 1992a,b), is that 

host species diversity is necessary for the persistence of G. lygdamus populations, 

because alternative host species buffer population losses during poor or unusual 

years. The butterfly's extreme phenological specificity make it especially 

vulnerable to year-to-year variation in host plant availability and quality. The 

data indicate that a poor-quality but predictable host species may play an 

especially important buffering role when it exists in conjunction with higher 

quality but less predictable host species. 

Keywords: Diversity, Glaucopsycl/e lygdamus, Host range, Island biogeography, 

Landscape ecology, Lupine, Lycaenidae, Phenology, Population Persistence, Sink 

and Source Habitat, Tizermopsis. 
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INTRODUCTION: 

Studies of island biogeography and landscape ecology indicate that the 

co~onization of a plant by an herbivorous arthropod is dependent not only upon 

the performance of that arthropod or its offspring on the plant, but upon the 

plant's isolation (Harrison et al. 1988), patchiness (Root 1973, Kareiva 1983, 

Stanton 1983), overall abundance (Lawton 1984), and proximity to other plant 

species (Risch et al. 1983, Lawrence and Bach 1989) or to suitable habitats (Weiss 

et al. 1988). It follows that such factors might also playa role in shaping an 

herbivorous arthropod's host plant affiliations. For example, potential host 

species that are always rare or isolated may not be successfully colonized (Lawton 

1984), while those that are abundant or in suitable habitats will be. 

Part one of the present study on host plant affiliation in G/aucopsyc/ze /ygdamus 

(Chapter 1) examined the oviposition preference of this butterfly within patches of 

multiple host species. Strong preferences for some host species were found, and 

in Chapter 2 an attempt was made to understand these preferences in terms of 

larval performance. For the most part, oviposition preference and larval 

performance agreed quite well, and these studies do much to explain host 

utilization patterns within a patch. However, the results of these two studies 

alone did not explain patterns of G. /ygdamus egg distribution that I and others 

observed in the field. It was not uncommon, for example, to find sites where a 

preferred host species was abundant and phenologically available but completely 

unutilized by the butterfly, while not more than several hundred meters away, a 

less-preferred host species would be covered with eggs. The present study is an 

attempt to explain these observations through a thorough study of 30 different 
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sites to evaluate possible correlates of butterfly abundance. 

METHODS: 

As in Chapter 1-2, studies were conducted just south of Gunnison, Colorado in 

the Gold Basin area (see Figure 3.1). The silvery blue butterfly, G/aucopsyche 

/ygdamus (Lycaenidae) utilizes a number of host genera and species within the 

legume family. Host species at the present study sites are Thermopsis montana, 

Lupinus bakeri, Lupinus caudatus, Lupinus floribundus, and Vida americana. T. 

montana usually grows in wet areas beside perennial creeks. L. floribundus and 

Vida grow at the interface of riparian habitat and dry sage, and L. bakeri and L. 

caudatus grow higher up on the hill, amongst the sage. Butterflies are univolitine. 

Pupae overwinter. 

Gold Creek Survey: 

During the course of oviposition preference and larval performance studies on 

the G. /ygdamus at Gold Creek in 1990 (Chapter 1-2), we noticed egg distributions 

along the creek to be extremely patchy. To quantify this patchiness, we sUlveyed 

a 2000 meter section of the creek, recording butterfly egg densities and host plant 

availability along the way. 

The survey was conducted 6/19/90, just following the termination of the 

butterfly flight season, when all eggs had been placed on host plants. By the time 

of the survey, about half of the eggs had hatched, but empty egg shells remained 

attached to host plants, so that all eggs could still be counted. Four people 

surveyed 2000 meters of the creek south of the Hilmo site, 13.5 km south of 
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Gunnison on the Gold Creek Road. One person stayed 15 meters and another 5 

meters from each side of the creek. Every 50 meters, each person counted all 

reproductive stalks of host plants within 5 meters in every direction and inspected 

a maximum of 20 stalks of each host species for eggs. The central 40 meters of 

the valley covered in this survey included all of the T. montana and over 95% of 

the L. floribundus associated with the creek. 

Patch Survey: 

The goal of this study was to find as many independent, isolated host plant 

patches as possible, to determine the butterfly egg density in each patch, and then 

to measure all characteristics of the patch that might explain differences in egg 

density. I defined a patch as a group of host plants separated from other host 

plants by at least 100 meters. Oviposition studies (Chapter 1) indicated that 

females rarely fly further than 20 meters from host plant patches before returning. 

This, combined with the knowledge that these butterflies rarely fly in windy 

weather and that lycaenids in general rarely disperse far (Arnold 1983), suggested 

that a 100-meter distance was a substantial barrier to dispersal. The time for the 

survey was picked so as to coincide with the termination of the butterfly flight 

season, allowing all eggs to be surveyed (see above). All patches were surveyed 

between 6/19 and 6/27. For patch locations see Figure 3.1. 

With the exception of the four sites llsed for other studies (Carey 1992a,b), all of 

which are included in this survey, each of the 30 patches was delineated before 

plants were inspected for eggs. A conscious effort was made to pick patches that 

were as variable as possible in location, size and host species number. The 
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following variables were recorded. 

Patch size. Patch area was that containing host plants and isolated by at least 

100 meters from other host plants. The methods for measuring patch size varied 

with the shape of the patch. For instance, for circle-shaped patches, the radius 

was measured, and for rectangular patches, width and length measured. Area in 

square meters was determined from these measurements. 

Host species number. The area within the patch was thoroughly searched and 

the number of host species recorded. 

Reproductive stalk number. Beca\lse host plant species vary in size, stalks 

bearing reproductive organs (IOreproductive stalks lO
) rather than plants were 

counted. Whenever possible, all reproductive stalks of each host species present 

in a patch were counted. When numbers were too large to count, all stalks in 

several smaller belt transects were counted and total numbers extrapolated from 

these. For Vicia, which has a different growth form than other hosts (it is a vine), 

the number of stems were counted. 

Isolation. The minimum distance of the patch from other host plants was 

measured. If the distance was greater than 1000 meters, 101000 meters" was 

recorded. 

Egg density. Eggs per stalk was determined for each host species. In small 

patches, all reproductive stalks were checked for eggs and egg/stalk ratios 

determined. In larger patches, a linear transect was placed through the patch and 

plants along the transect inspected for eggs. A minimum of fifty plants (and 

usual!y more) of each host species were surveyed. 

General Survey. Moisture levels and grazing intensity at each site were visually 



assessed and grouped into one of three categories (high, average, and low). An 

initial attempt to survey nectar sources was made, but this was abandoned after 

we realized that the availability of nectar sources at the time of the survey was 

not representative of nectar availability throughout the butterfly flight season. 

Ants were abundant at all sites, although numbers were not quantified. 

RESl!LTS 

Creek Survey: 

9S 

Thennopis and L. floribundus were the two dominant hosts in the area surveyed. 

Vida was present albeit very rarely, and it is not included in these analyses. Egg 

density data was not normally distributed, and so all analyses use Spearman rank 

correlations. Spearman rankings also made it possible to rank egg densities of 

zero by the number of reproductive stalks checked (i.e. zero eggs/5 stalks was 

considered a higher egg density than zero eggs/40 stalks). Eggs/stalk on the two 

hosts were significantly correlated along the transect (Rs = .603, P < .001), 

suggesting that butterfly individuals were ovipositing on both host species. 

Oviposition studies (Carey 1992a) indicated the same--individual ovipositing 

butterflies were often observed to oviposit alternately on Thermopsis and Lupine. 



96 

Table 3.1. Creek Survey results. 2000 meters of Gold Creek were surveyed on 19 June 1990, and 
data collected every 50 meters, resulting in 40 data points. Each data point represents an area 5 
meters in length and 20 meters to either side of the creek. The table gives the total number of 
reproductive stalks of L. floribundus and T. montana, the percentage of those stalks with ~ 
lygdamus eggs, and an Index, which is a measure of host plant diversity and abundance in the form of 
the Shannon Diversity Index * total stalks * (-1». 

L. floribundus T. montana ALL HOSTS 
SITE STALKS EGGS/100 STALKS STALKS EGGS/100 STALKS EGGS/100 STALKS INDEX 

1 90 17 96 20 19 128.8 
2 42 0 8 0 0 22.0 
3 60 28 24 5 9 50.2 
4 30 5 12 0 3 25.1 
5 84 4 32 5 4 68.3 
6 102 43 61 37 37 107.8 
7 48 5 295 16 12 138.9 
8 54 6 350 30 19 158.9 
9 0 0 190 0 0 0 

10 24 33 160 21 22 71.2 
11 12 28 300 20 21 50.7 
12 6 10 260 5 7 28.7 
13 0 0 340 0 0 0 
14 24 0 85 22 24 57.4 
15 60 0 5 0 0 17.6 
16 6 0 40 0 0 17.8 
17 120 0 13 0 0 42.6 
18 6 0 1 0 0 2.9 
19 30 0 8 0 0 19.5 
20 6 1 0 0 0 0 
21 36 0 1 0 0 4.6 
22 0 0 2 0 0 0 
23 30 0 185 6 3 86.9 
24 24 0 40 0 0 42.3 
25 108 12 135 7 10 166.9 
26 78 5 65 14 9 98.5 
27 24 0 15 10 4 26.0 
28 78 25 64 12 17 97.7 
29 66 5 130 18 13 125.2 
30 72 5 95 13 7 114.2 
31 144 13 23 40 16 66.9 
32 108 18 35 8 13 79.6 
33 48 13 30 38 28 52.0 
34 90 5 74 11 7 112.9 
35 30 0 72 20 8 66.7 
36 18 0 5 0 0 12.0 
37 108 0 0 0 0 0 
38 84 0 0 0 0 0 
39 48 0 0 0 0 0 
40 18 0 0 0 0 0 



Table 3.2. Creek survey correlations. Spearman rank correlation 
egg densities (eggs/stalk) and reproductive stalk numbers at each 
Creek in 1990. The INDEX is a measure of host species diversity. 
multiple comparisons, is significant at p <_~05, 2-tailed. 

L. floribundus T. montana 
stalk number stalk number 

Eggs/stalk on: 

L. floribundus .176 .545* 

T. mont;ana .383 .430 

Both hosts combined .215 .559* 

coefficients between G. lygdamus 
of 40 stops in a survey of Gold 

* the correlation, corrected for 

Total stalk INDEX 
number 

.497* .610* 

.475* .713* 

.480* .740* 

ID 
-..J 
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L. floribundus and T. montana numbers along the creek were are not associated 

(Rs=-O.048), indicating that the abundance of positive correlations in Table 3.2 is 

not merely due to the two host species having the same habitat requirements. 

Host plants, especially T. montana, show a clumped distribution (see Table 3.1); 

and the positive correlations between all measures of egg density and all measures 

of host plant abundance indicate that butterflies must have even a more clumped 

distribution. If butterflies distributed their eggs evenly on all host plants, there 

would be no correlation between host plant abundance and egg density; and, if 

butterflies were less clumped in their distribution than host plants, there would be 

a negative correlation (Root and Kareiva 1984). 

Each host species had more eggs/stalk when stalks of the other host species 

were abundant. In fact, additional reproductive stalks of the other host species 

increased egg densities more than did additional reproductive stalks of the same 

species. This pattern can only result from butterflies laying more eggs in areas 

where both host species are abundant. The importance of host plant diversity is 

reflected by the strong correlations between egg densities and an index of species 

diversity and abundance. This index is the Shannon Index, which increases with 

species number and equitability, mUltiplied by a measure of overall abundance: 

total reproductive stalks. The Index formula reduces to: 

where s is the total number of host species, n is the total number of reproductive 
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stalks of each species, and P is the proportion of the total of each species' stalk 

number. The partial correlation between the Index and overall egg density, with 

the effect of total stalks removed, is 0.641, while the partial correlation between 

total stalk number and egg density, with Index effects removed, is only 0.001. 

Host diversity seems important. 

Patch Survey: 

Table 3.3 shows survey results for each patch. Egg densities for each patch were 

determined two ways. The first was to divide total eggs by total host stalks. This 

density is called "overall" in the table. The second was to determine egg densities 

on only the two most-utilized host species, T. montana and L. floribundus (or L. 

caudatus when L. floribundus was absent). This is called "TFdens" in the table. 

All variables recorded were regressed alone and together against these two 

measures of egg density. Only the number of host species, the distance to the 

next patch, and the total number of L. bakeri stalks in a patch were ever found to 

predict egg densities at close to a significant level (p < .2), and only host species 

was consistently significant at p < .05. The host plant diversity index described 

above was also a consistent significant predictor of egg densities. I present the 

results of two multiple regressions in Tables 3.4 and 3.5. Note that the abundance 

of L. bakeri stalks is positively related to egg densities on the two dominant host 

species, L. floribundus and T. montana, in Table 3.4, but negatively related to 

overall egg densities in Table 3.5. The positive relationship in Table 3.4 is 

another example of the positive relationship between egg density and host species 

number. The negative relationship in Table 3.5 results from the fact that L. 
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bakeri was rarely utilized as a host in 1991, when the survey was conducted, and 

so the presence of L. baked stalks lowers overall egg densities. 
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Table 3.3. Selected survey results for 30 patches near Gunnison, Colorado, showing: (~) patch 
name (see figure 3.1 for map); (2) minimum distance in meters of patch edge to nearest other host 
plants; (3) number of host species; (4) egg density over all reproductive stalks: (5) egg density on 
the stalks of just T. montana and l. floribundusj (6) an INDEX that increases with host species 
diversity and abundance: and the number of reproductive stalks of (7) T. montana, (8) ~ 
floribundus, (9) L. bakeri, (10) l. caudatus, and (11) V. americana. 

EGG DENSITIES TOTAL REPRODUCTIVE STALKS 
Patch Mindist Species Overall TFdens Index Therm Flor Bakeri Caud Vetch 

1. Upper Stubbs 150 4 0.3260 0.480 26963 10000 6500 7800 0 100 
2. Junction 80 4 0.1843 0.641 5453 850 962 5200 0 30 
3. Hilmo 100 5 0.1740 0.308 21166 12000 390 10400 680 100 
4. Aspen 800 4 0.1177 0.302 35262 3900 7280 31200 0 700 
5. CR 37 100 3 0.0943 0.094 1973 2500 156 0 0 500 
6. L. Aspen 140 3 0.0871 0.085 175 70 0 0 187 5 
7. Backhoe 100 2 0.0777 0.077 13865 12000 8450 0 0 0 
8. Old Corral 120 2 0.0675 0.067 1015 600 910 0 0 0 
9. Hwy 50 500 1 0.0526 0.052 0 1250 0 0 0 0 
10. Stubbs #2 200 4 0.0509 0.274 18t:.;. 200 156 1560 0 200 
11. Hwy114B 1000 2 0.0500 0.050 0 8500 0 0 0 5 
12. Prairie Dog 800 2 0.0398 0.039 697 100 39000 0 0 0 
13. Burro 300 4 0.0387 0.107 10063 4000 182 9100 0 200 
14. Hwy114A 1000 1 0.0350 0.035 0 121500 0 0 0 0 
15. ~tubbs Field 200 3 0.0335 0.033 516 800 52 0 0 100 
16. Rocky Pt. 300 2 0.0309 0.030 338 330 0 0 187 0 
17. E. Backhoe 200 3 0.0193 0.019 3569 350 4056 0 0 900 
18. Stubbs #1 150 1 0.0075 0.007 0 1800 0 0 0 0 
19. Fat Mama 140 4 0.0062 0.025 1617 225 0 1300 238 65 
20. Stubbs #3 600 3 0.0007 0.050 2159 150 0 10400 0 300 
21. Cattle Tank 1000 2 0 0 1015 250 0 5200 0 0 
22. L. Stubbs 500 3 0 0 403 4000 78 0 0 2 
23. Airport 1000 2 0 0 230 1800 0 0 0 50 
24. Beaver 1000 1 0 0 0 0 0 o 5100 0 
25. Bike C 1000 1 0 0 0 0 0 0 638 0 
26. Stubbs Ranch 200 1 0 0 0 0 1040 0 0 0 
27. Bike B 1000 1 0 0 0 0 234 0 0 0 
28. Bike A 1000 1 0 0 0 0 325 0 0 0 
29. CR 32 300 1 0 0 0 2000 0 0 0 0 
30. Velco 400 1 0 0 0 5000 0 0 0 0 
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Figure 3.1. Location of 30 patches surveyed near Gunnison, 
.Colorado. Each location is indicated by a pointer and a 
number. The latter correspond to those given in Table 3.3. 
Each square on map is one square mile. 
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Table 3.4. Predictors of G. lygdamus egg density on two host 
species. Multiple regression of a constant, the total number 
of host species, the number of L. bakeri stalks, and the 
distance to the next nearest patch on G. lygdamus eggs/stalk 
of the two most-utilized host species: T. montana and L. 
floribundus, or occassionally L. caudatus. 30 patches from the 
Gold Basin area, surveyed in 1991, are used in the analysis. 

Multiple R 2= 0.490. 

VARIABLE 

Constant 
Species 
L. bakeri stalks 
Minimum distance 

STD COEFF. 

0.0 
0.46 
0.25 

-0.16 

T 

-0.32 
2.19 
1.39 

-0.92 

P(2-TAIL) 

0.754 
0.038 
0.178 
0.367 

Table 3.5. Factors predicting overall egg density in patches. 
Multiple regression of the predictor variables: a constant, 
the distance to the next nearest patch, an index of host 
species diversity and abundance, and the number of L. bakeri 
stalks on total G. lygdamus eggs/host stalk in the patch. 30 
patches from the Gold Basin area, surveyed in 1991, are used 
in the analysis. 

Multiple R 2 =0.664 

VARIABLE STD COEFF. T P(2-TAIL) 

Constant 0.0 2.90 0.007 
Minimum distance -0.19 -1.51 0.143 
Index 1.10 5.00 0.000 
L. bakeri stalks -0.50 -2.31 0.029 
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DISCUSSION 

For both surveys, host species diversity, as measured either by species number or 

by an index that increases with species number, equitability and abundance, is the 

single best predictor of butterfly egg density. The density of eggs on any given 

host species increases when other host species are present, and single species 

patches of any size only rarely supported small butterfly populations. In addition 

to the 30 patches formally surveyed here, I have informally surveyed some 40 

other single species patches in the past three summers and never have I seen high 

butterfly or egg densities. All host species commonly exist in single species 

patches; in fact, the hosts seem to have slightly different habitat requirements, and 

it is relatively rare to find more than one host in a patch. These results are not 

due to all host species, and butterflies, having similar habitat requirements. 

Why then do G. /ygdamus egg densities correlate so well with measures of host 

species diversity? This study is only correlational and can't answer this question; 

but these results, when combined with other life history data (Chapter 1-2), do 

suggest some intriguing possibilities. Below I present several hypotheses for the 

correlations observed in this study and discuss the likelihood of each. 

The first possibility is that egg densities do not reflect butterfly population sizes 

but rather butterfly behavior. This hypothesis requires that butterflies actually 

search a large area but choose to only oviposit in areas where host species are 

diverse. I find this possibility unlikely for several reasons. First, ovipositing 

butterflies prefer host species with which they have had recenc experience 

(Chapter 1), an effect that should make single-species patches more, not less, 

attractive to butterflies. In addition, my personal observations of these butterflies 
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indicate that butterflies leaving a patch tend to turn and return to the same patch 

(Kareiva 1984). This behavior would result in a high density of eggs on small, 

isolated patches, if they were encountered; and, in fact, when butterflies followed 

for oviposition studies encountered a relatively isolated plant on the edge of a 

patch, they almost always returned to it several times and often laid more than 

one egg. Eggs are rare in small, isolated patches, however, indicating that these 

patches have not been encountered. Finally, none of the 23 ovipositing butterflies 

followed in Gold Basin (Chapter 1) ventured far from areas of host plant 

concentration, nor did they ever cross between host patches separated by 20 

meters or more of hostless territory. Mark/recapture studies by Arnold (1983) of 

six lycaenids in California indicated that fewer than 1 % of all individuals moved 

further than 100m in their entire lifetime. Other vagility studies for lycaenids give 

similar results (Scott 1974, 1975; Scott and Opler 1975, Sharp and Parks 1973, 

Dowdeswell et al. 1940). The patches I surveyed were, with one exception, 

isolated by a minimum of 100m from other host plants; butterfly movement 

between patches is probably very small. In the Creek Survey, however, censuses 

were separated by only 50m and not usually isolated by areas deficient in host 

plants; nevertheless, if the average butterfly moves less than 100m in its lifetime, 

eggs found in one spot are likely to come from females that developed as larvae 

within one or two survey points of that spot. In conclusion, all evidence points to 

egg densities reported in these surveys as representative of local popUlation size. 

A second possibility is that butterflies require a mix of microhabitats, the same 

mix that supports multiple host species. In addition to host plants, most lycaenids 

require (1) areas with a sunny exposure, (2) areas with some sort of vegetative 
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shelter from stormy weather, (3) moist ground for puddling, (4) nectar sources, 

and (5) ants, which tend larvae. At the study Eite, warm sunny exposure, 

vegetative shelter, and ants occur in an habitats in which host plants grow. Moist 

ground occurs mostly near the creek, where Tlzemzopsis is common, while nectar 

sources are most common in drier areas away from the creek. In the Gold Basin 

area, G. lygdamus feed mostly on the nectar of various mustards, composites, and 

buckwheats, all of which are common on dry ground near Lupinus but rare in 

Thennopsis stands (although they do occur around the edges of these stands). 

One possible hypothesis, then, is that butterflies need dry ground for nectar and 

wet ground for puddling, the same conditions that support multiple host species. 

However, this hypothesis does not explain why butterflies are absent from 

Thennopsis patches surrounded by dry ground and nectar but devoid of lupine. 

Such patches are common. Nor does it explain the relative paucity of eggs on L. 

floribundus growing near to the creek but not near to Tlzennopsis. 

I conclude with an argument for the last possibility, that host species diversity 

itself is essential for the long-term maintanance of large G. lygdamus populations. 

In Chapter 1, I report substantial year-to-year variation in patterns of ho~t species 

use by G. lygdamus. This year-to-year variation results from the interaction 

between (1) an extreme phenological specificity exhibited by ovipositing butterflies 

and (2) year-to-year variation in the temporal coupling of butterfly emergence 

times with host plant flowering phenologies. In 1989 and 1990, for instance, 

butterflies emerged relatively early and placed the large percentage of their eggs 

on the early-flowering host, L. baked, and on early-flowering T. montana. In 

1991, however, butterflies emerged later and oviposited mostly on late-flowering 
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T. montana and on L. jlodbundus. Thus, patches with only T. montana and L. 

baked were good patches for butterflies in 1989 and 1990 but poor patches in 

1991, when L. jlodbundus was the most heavily utilized host plant and L. baked 

was hardly utilized at all (Chapter 1). For a patch to be consistently good, it must 

contain a variety of host species, offering a wide window of phenologically 

available host plants. Patches with low host diversity might build up populations 

during favorable years, but in years unfavorable for that host, populations would 

crash and would be slow to build back up because of low butterfly vagility. Such 

phenological disruptions have been reported for other species (e.g. Dixon 1976, 

Cappuccino and Kareiva 1985, Solbreck & Sillen-Tullberg 1986, Watt & 

McFarlane 1991, references in Ohgushi 1992) and have been implicated as one of 

the primary factors leading to local extinctions in butterflies (Ehrlich 1983). 

Phenological disruptions are only one of a number of potential weather-induced 

disruptions able to significantly impact G. /ygdamus populations. Late frost and 

drought can also playa role. Ehrlich et al. (1972), for instance, documented the 

effect of a late frost in the summer of 1968 at Gothic, Colorado. The frost killed 

the inflorescences of the dominant host, L. bakeri, and severely reduced G. 

/ygdamus population size for more than 10 years. Th~se authors suggested that 

some G. lygdamus survived only on an alternative host, Vida amedcana, which was 

not as severely affected by the frost. Several summers later, in 1971, drought at a 

Gold Basin site killed many Lupinus inflorescence but did not prevent Thennopsis 

from setting seed. Again most larvae feeding on Lupinus probably died 

(Breedlove and Ehrlich 1972). The summer of 1990 was also a drought, and at a 

site not far from Gold Basin, less than one percent of L. baked and L. caudatus 
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surfaced and none of them flowered (unpubl. data), while at the Fantasy site, 

many inflorescences were killed directly by water stress and indirectly by unusually 

high gopher activity. G. /ygdamus larvae consequently suffered higher mortality 

and lower growth rates (Chapter 2). 

To summarize, in the Gold Basin area, weather-induced disturbances are 

common, and, whether because of resultant phenological alterations or because of 

inflorescence mortality, have the potential to be catastrophic for G. /ygdamus 

populations. When multiple host species, all growing in slightly different habitats 

and flowering at slightly different times, are present at a site, they have the 

potential ability to buffer the negative effects of weather-induced disturbances on 

the butterfly. Butterflies are not extremely vagile and thus slow to recolonize sites 

after local extinctions. I argue that this ability of alternative host species to 

buffer local extinctions, together with slow butterfly recolonization of patches, is 

the cause of the high correlation between host species diversity and G. /ygdamus 

population densities. 

The importance of a diverse habitat to the persistence of populations in a 

variable environment is well known (Huffaker 1958, Den Boer 1981, Murdoch and 

Walde 1989, Thomas 1991). In a recent study, Weiss et al. (1988) examined the 

importance of topographic diversity for long-term population persistence in the 

checkerspot butterfly, Euplzydryas editlza. Butterfly populations were largest where 

there were both cool hillsides, where larvae do well in drought years and late in 

the season, and warm hillsides, where they do well in wet years and early in the 

season and where rapid postdiapause development allows early utiliziation of host 

plants the following year. The same host species spanned the topographic 



diversity, so that, although in different years, butterflies were successful in 

different microhabitats, they used the same host species in all years. For G. 

lygdamus, microhabitat requirements may also differ between years. However, 

unlike for E. editha, each microhabitat supports a different host species. 
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The dependence of butterfly population size and persistence upon host species 

diversity must result in a greater herbivore pressure from G. lygdamus on plants 

occurring in multiple host species patches. Potential host species that normally 

grow in single-species patches, isolated from other host species, would not support 

butterfly populations and would escape herbivory. This might explain the 

relatively rare use of L. caudatus as a host plant in Gold Basin; it normally grows 

alone. In contrast, at the Fantasy site, where L. caudatus grows intermixed with 

two other host species, it is a frequently utilized host. The phenomenon of a host 

species suffering greater herbivory when in the company of other host species is, 

in effect, apparent competition between plant species. The term "apparent 

competition" has historically been reserved for herbivores that share a predator 

(Holt 1977, 1984 and Jeffries and Lawton 1984, 1985); however, apparent 

competition between plants with a common herbivore has been previously 

described (Parker and Root 1981, Whittaker 1982, Thomas 1986, Connell 1990). 

Dunning et al. (in review) describe "source habitats", areas where the 

population is growing and providing emigrants, and "sink habitats", areas that are 

not self-sustaining and require immigration for persistence. In Carey (1992a,b), I 

reported that ovipositing G. lygdamus show a strong preference for L. flon·bundus 

over T. montana and that larvae grow significantly faster and have a significantly 

higher pupal mass on L. floribundus as well. It seems quite possible that within a 
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patch, T. montana is a predictable and stable sink (it is abundant, has a long 

flowering period, and is relatively invulnerable to drought, but is a poor host); 

whereas L. floribundus is an unpredictable source. When the two occur together, 

butterfly population levels are kept high by occasional utilization of L. floribundus 

and allowed to persist through poor years by utilization of T. montana. One 

w01!ld predict, however, that if sink habitat was too large (i.e. T. montana much 

more abundant than Lupinus), source habitat would be hard to find and the 

population would not do well (Dunning et al. in review). The effects of recent 

experience on oviposition preference (recent experience with a host species 

increases the probability of it being utilized in the future) reported in Carey 

(1992a), make this possibility of source habitat being obscured by abundant sink 

habitat even more likely. The finding that the Index (weighted by species 

numbers, equitability, and abundance) predicts butterfly population densities 

better than do measures of species number and abundance alone, does suggest 

that host species equitability may be important for the maintanance of large 

butterfly populations in the Gold Basin area. 

In conclusion, as ecologists have discovered over and over again, phenomena 

that seem incongruous on one scale may make sense on another. Landscape and 

patch dynamics must be incorporated into studies of oviposition preference and 

larval performance. The present study attempts to do so, but it lacks an 

experimental basis. Experimental studies that address the effect of neighborhood 

on insect behavior are becoming common (e.g. Cromartie 1975, Stanton 1983, 

Root and Kareiva 1984). Similar studies that examine the long-term persistence 

of insect populations in patches of variable host species composition in a variable 
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environment are called for. 
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Chapter 4: Oviposition Preference and Larval Performance Studies with Plebijus 
icariodes (Lycaenidae). 

ABSTRACT: Previous reports that the small blue butterfly, Plebijus icariodes 

(Lycaenidae) is an ecological monophage, utilizing only one lupine host species 

wherever more than one exist sympatrically, are tested. Oviposition preferences 

were determined by following individual butterflies in the field and comparing 

butterfly behavior to plant availability. No preferences were found, and individual 

butterflies frequently oviposited on both host species. Nevertheless, butterflies did 

differentiate between the two lupine species, and there was a significantly greater 

tendency to oviposit after landing on a host if the host plant previously 

experienced was of the same species. This correlation between oviposition 

preference and experience is attributed to short-term learning. At the site of this 

study, learning effects are not sufficiently strong to lead to specialization on one 

host plant species; however, learning may be the mechanism by which "ecological 

monophagy" develops in other locations. This study substantiates earlier reports 

that P. icariodes preferentially place eggs on pubescent surfaces; nonpubescent 

lupine species or tissues do not receive eggs. Ovipositing butterflies placed a 

disproportionate number of eggs on lower, old leaves. The preference for old 

leaves contrasts with other lycaenids that utilize young reproductive tissues. 

Potential explanations for old leaf utilization are pursued. Alkaloids seem to play 

no role. Leaf alkaloid content did not influence larval preference or performance. 

It seems likely that growth rates are not maximized in prediapause larvae and that 

eggs are placed on old leaves for reasons other than their nutritional content. 



Keywords: alkaloids, larval performance, leaf age, learning, Lupinus bakeri, 

Lupinus caudatus, Lycaenidae, oviposition preference, Plebijus icariodes. 

INTRODUCTION 
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Of special interest to plant-herbivore ecologists are those herbivore species that, 

in some locality, do not utilize available plant species that do serve as hosts in 

other parts of that herbivore's range. The phenomenon is interesting because it 

implies that the herbivore is restricting its host plant range for reasons other than 

evolutionary constraints on recognizing or processing the alternative host species, 

and it leads to speculation that initial benefits of specialization may be ecological 

rather than physiological (Smiley 1978). Gilbert (1979) termed such herbivores, 

when utilizing only one host species locally, "ecological monophages". Fox and 

Morrow (1981) later coined the more general term "local specialist" to refer to 

any situation where herbivores utilize more host species over their entire 

geographical range than they do in anyone location. 

In the 1960s, John Downey carried out a number of extensive studies on the host 

plant affiliation of the butterfly, Plebijus icariodes (Lycaenidae) (Downey 1958, 

Downey and Fuller 1961, Downey 1962a,b,c; Downey and Dunn 1964). He 

surveyed butterfly populations over numerous locations in the Western United 

States and found them utilizing 28 species of lupine (Downey and Dunn 1964); 

moreover, he found that wherever more than one species of lupine occurred 

sympatrically, the butterfly only utilized one species, the most pubescent. 

Examples of this ecological monophagy are given in Downey and Fuller (1961). 

Although ovipositing adults are specialists, larvae appear to grow and survive 
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equally well on all lupine species (Downey and Dunn 1964). In one experiment 

by these authors, larvae were placed on a different lupine species every day; these 

larvae did as well as those allowed to remain on their native host throughout their 

development. 

The goal of the present study was to determine if, when more than one lupine 

species was available, P. icariodes individuals and populations were indeed 

ovipositing on only one host, or, failing this, if butterflies preferred one lupine 

species over the other. Differences in adult preference were further pursued with 

studies on larval performance. 

NATURAL HISTORY 

P. icariodes is univoltine and diapauses as a second instar larva. It is assumed 

that larvae overwinter in the soil at the base of the plant; they eat the young 

stalks of lupine early in the spring. Older, post-diapause instars may be ant

tended (Downey 1962b). Adults fly in early summer. 

The two lupine species at the site where this study was conducted are Lupinus. 

bakeri and Lupinus. caudatus. Both are herbaceous perennials, flowering just 

before and during the P. icariodes flight season. The two lupine species are 

chemically quite different. L. caudatus contains the tricyclic and tetracyc1ic 

quinolizidine alkaloids typical of most lupine species. In L. bakeri, dominant 

alkaloids are the relatively-unusual bicyclic quinolizidine alkaloids and a 

dipiperidyl alkaloid, ammodendrine. Total alkaloid content of the two lupine 

species are roughly equivalent (see Chapter 2 for specific results of alkaloid 

analyses for plants at the Fantasy site). 
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METHODS 

The Study Site: 

The Fantasy Site lies above the Fantasy Ranch at 9200 feet in elevation on a 

south-facing slope of Mt. Crested Butte and near the airport of Crested Butte, 

Colorado. Two lupine species, L. bakeri and L. caudatus, grow sympatrically over 

most of the steep and largely treeless, lush slope. However, because the 

microhabitat requirements of the two lupine species differ slightly (L. caudatus 

prefers a slightly drier microhabitat), the two species are only truly intermixed in 

areas intermediate in moisture levels. This is true for about half of the 80 x 90 

meter slope used in this study. The other half consists of small, single-lupine

species patches or areas where no lupine exist at all. Within several kilometers of 

the Fantasy Site are large tracts of land containing either only L. bakeri or only L. 

caudatus. P. icariodes is present in all locations. 

Oviposition Preference in the Field: 

Ovipositing P. icariodes females were followed at the Fantasy Ranch in 1990 and 

1991 using methods similar to those described by Chew (1977), Stanton (1982), 

Makay (1985), Papaj & Rausher (1987), and Lewis (1989). Researchers worked 

in teams. A follow began as soon as a female butterfly exhibiting oviposition 

behavior (abdomen bent and dragging or probing along the host plant) was 

spotted. Both researchers followed the butterfly, being careful to stay several 

meters away in order not to disturb it. In general, these butterflies seemed 

oblivious to following researchers, and only rarely, when a butterfly's exact 
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location was uncertain, would followers venture too close and alter the butterfly's 

behavior. In these instances the data were disregarded. One follower was 

responsible for following and marking the exact path taken by the butterfly; the 

path was marked with colored fishing line unrolled from either a fishing reel or a 

spool mounted on a stick. Each stop made by the butterfly was marked with a 

colored flag stuck in the ground. Suspected oviposition locations were marked as 

closely as possible to ensure that the egg found was the one deposited by the 

female. The other follower recorded butterfly behaviors: fly, walk, test (probing 

with abdomen), oviposit, male avoidance (fleeing male butterflies), rest (no 

movement), bask (wings opened towards sun), and nectar (feeding from a flower). 

Also recorded were the timing of these behaviors and the substrate on which any 

behavior occurred: plant species, plant part (i.e. leaf, flower or stem), and plant 

phenology (i.e. the age of the leaf or flower). At the end of a follow event 

(henceforth called a "bout"), when either the butterfly had been lost or tad ceased 

oviposition behavior (usually because of cloud cover), the researchers returned 

along the flight path to find the eggs and mark their locations (again noting plant 

species, plant part, and plant phenology) and to measure the distance of each 

butterfly flight. In addition, between each place where the butterfly stopped flight 

and in an area half a meter to either side of the flight path, we recorded the 

numbers of host plants of each species, the numbers of host plant inflorescences 

and their state of development (see description under Results), and the numbers 

and identities of any flower species used as a nectar source. The half-meter 

distance was picked after many hours of observation in 1989 indicated that 

ovipositing P. icariodes respond, on average, to host plant stimuli within this area 
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but not outside of it. However, this distance is only an estimate of butterfly 

perception and probably varies with the height of the flying butterfly, background, 

and many other factors. Plants within this distance are those that the butterfly is 

said to have "encountered". 

Determinations of oviposition preference: 

A preference for one host species over another may result from nonrandom 

butterfly behavior at three different levels: (1) selection of habitat or flight path, 

(2) selection of plants in the flight path to land on (prealight preference), and, 

once landed (3) the decision whether to lay an egg (postalight preference). 

Determination of the first level of preference requires comparison of host plant 

composition along the flight path to the composition of hosts at the study site. 

This was accomplished by randomly selecting transects within the study site and 

comparing their mean plant composition to that encountered by the butterflies. 

Within the area where butterflies were followed, we haphazardly selected 10 

starting points, randomly selected a compass direction for each and from these 

laid ten, 50- meter transects. Mean host plant number per meter of transect 

length and 0.5 m to either side of the transect were compared to that along the 28 

butterfly follows using at-test. 

Pre alight and postalight preferences for each host species were determined by 

first determining for each individual butterfly the fraction of plants flown over that 

were landed upon (prealight preference) and the fraction of those landed upon 

that were oviposited on (postalight preference). The mean preference (either 

prealight or postalight) for one host species was then compared to that of anlJther 



118 

host species using a Wilcoxon Rank Sum Test. At times, an individual butterfly 

had a preference ratio of zero (e.g., the butterfly landed on one species but never 

oviposited on it, giving a postalight preference of zero). These zero preferences 

were still included in the analysis and were ranked by the number in the 

denominator. For example, a postalight preference of zero eggs/19 alights was 

considered less of a preference than one of zero eggs/one alight. L. bakeri plants 

averaged 1.28.±. .06 times as many stalks as did L. caudatus (unpub. data). 

Because stalk number correlates well with plant size, and it seems likely that a 

large plant would be more apparent to a butterfly than a small plant, L. caudatus 

plants are weighted by a factor of 1.28 in all prealight preference analyses. 

Egg Location on Plants: 

For all eggs observed laid during butterfly follows, the location of the egg on the 

leaf (upper or lower surface), the age of the leaf (old, medium or new), and the 

number of "nodes" below the inflorescence to which the egg-bearing leaf attaches 

(1-10) were recorded. Old leaves were those supporting large, obvious patches of 

fungus or rust or with greater than 25% of the leaf consumed by herbivores; 

medium leaves had blemishes but not enough to qualify as old; and new leaves 

were green, healthy and not blemished. The term "node" was used to describe 

places where a number of petioles attach to the stem. Nodes near the base of the 

stem generally had only one or two attached petioles, while nodes at the top of 

the stem, near the inflorescence, generally had 3-6 attached petioles. Throughout, 

nodes are counted from the top; i.e., that nearest the inflorescence is number one. 

On July 17, 1991, during the middle of the butterfly flight season, all leaves of 10 
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randomly selected plants of each lupine species at the study site were surveyed 

and sorted into age categories and node of attachment to the stalk. During the 

survey, the location of any recently laid eggs found on surveyed plants or on 

plants in their vicinity were recorded. 

Pubescence Studies: 

By chance, we found that female P. icariodes would oviposit on the stalks of 

nonhost species if they were first rubbed with lupine leaves. Using this 

knowledge, we investigated the importance of pubescence to oviposition decisions 

by placing freshly-caught female butterflies in glass fruit jars for two hours with 

stalks of one of various plant species that varied in pubescence. A moist fragment 

of yellow sponge was placed in each jar to provide the butterflies with moisture, 

and the jar was placed in the sun. Stalks of L. bakeri, L. argenteus, an 

unidentified Umbelliferae, the sunflower, Heliantlzella quinquenetvis (Compositae), 

and Monkshood, Aconitum columbianum (Ranunculaceae), were utilized. The 

pubescence on L. bakeri stalks was also removed for some treatments by rubbing 

the stalk firmly with leaves. Admittedly, each of these stalk types varied in many 

waY3 other than pubescence. Our purpose was only to search for general trends. 

For each no-choice trial, the resultant number of eggs and their location on the 

stalk were recorded. Special attention was given to the nature of the stem's 

surface at the point where the egg was placed. Surface areas were divided into 

three types: pubescent (hairs visible to the naked eye), rough (eggs placed in a 

crevice or cavity or in a fork of the stem), and smooth. Following these trials, to 

determine if surface type affected the ability of the egg to adhere to the plant, 13 
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egg-bearing stems were hung in a tree, exposed to the weather, for two weeks and 

then inspected for egg presence. 

Larval Survival and Growth in the field: 

28 L. bakeri and 28 L. caudatus, paired for location, size, and phenological state, 

were marked at the Fantasy site. An entire new leaf attached to the top node of 

the stalk, an entire old leaf attached to the 5th node of the stalk, and a flower

containing inflorescence was selected from each plant and bagged using loose

knot mesh. Before the each bag was stapled shut, one P. icariodes ready-to-hatch 

egg obtained from captive females caught at the Fantasy site was attached to the 

leaf or to the calyx of a young flower using a mixture of flour and water. All eggs 

placed on paired plants came from the same female. 30 days after egg hatch, 

bags were opened, larvae removed, counted and weighed. 

Bitter and Sweet Lupine: 

Lupine are raised as a food plant in many parts of the world, and thus there 

exist a number of varieties that have been selected for their low-alkaloid content. 

From Dr. Michael Wink, an expert in lupine alkaloids, I obtained seeds of two 

varieties of Lupinus alba: var. Lucky (Sweet) and var. Sitia (Bitter), which differ 

in alkaloid quantity but not in alkaloid composition, general plant morphology or 

nutrient content (Michael Wink Pers. comm.). Sweet lupine have virtually no 

alkaloids (20 micrograms/gram wet weight) and taste sweet to the human tongue. 

Bitter lupine have in the range of 300-400 micrograms/gram wet weight, a level 

comparable to old L. bakeri leaves at the Fantasy site; they taste very bitter to the 
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human tongue. I planted these seeds in individual Dixie cups early in Spring of 

1991 and fed young leaves to larvae as described below. 

Female P. icariodes were caught at the Fantasy site and placed temporarily in 

glass jars with lupine to obtain eggs. Eggs were removed from the leaf on which 

they were laid and placed in each of 50 petri dishes along with filter paper and a 

moistened cotton ball. Because previous such experiments have shown high 

mortality rates and an apparent lack of larval interaction, two eggs were placed in 

each petri dish. When eggs were about to hatch, one bitter leaf and one sweet 

leaf, matched for size and age, were placed on either side of the eggs, touching 

them. Larval location was recorded 2 days after hatch and again 4 days after 

hatch. At this point, each larva was placed in its own container and fed only the 

leaf type chosen (in all cases, larvae stayed on the leaf type first chosen, and the 

leaf-type not chosen showed no sign of feeding damage). Consequently, all larvae 

were raised essentially on one leaf type, either sweet or bitter leaves, allowing a 

comparison of growth rate on the two leaf types. Throughout, leaves were 

replaced every two days and larvae placed back on the leaf type on which they 

were found. 30 days after hatch, larvae were weighed. 

Larval Preference: 

Methods for testing preference between sweet and bitter leaves are descibed 

above--Iarval location on a leaf type is interpreted as larval preference for that 

leaf type. All other preference tests were performed in the same manner: 

hatching larvae in petri dishes were given the choice of two food types, and larval 

location (preference) was determined 2 days after hatch and again four days after 
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hatch. Larvae were given a choice between old and new leaves of either L. bakeri 

or L. caudatus, between new leaves of L. bakeri and new leaves of L. caudatus, 

and between flowers of L. caudatus and leaves from the same plant. 

RESULTS 

Oviposition Preference in the Field: 

At the Fantasy site, 28 P. icariodes were successfully followed for more than one 

oviposition event during June and July of 1990 and five more were followed in 

July of 1991. The five followed in 1991 did not differ appreciably in behavior 

from those followed in 1990. Because of the low sample size in 1991, only 1990 

results are present below. Butterfly-follows averaged 30.6 minutes, 49.2 meters, 

and 6.6 oviposition events. 22 of the butterflies flew over and 18 landed on both 

lupine species. 12 individuals placed eggs on both lupine species. 

Flight Path Location: The ten random transects placed at the study site 

averaged 0.47.±. 0.09 L. bakeri and 0.14.±. .04 L. caudatus plants per meter of 

transect. Neither differs significantly from the frequency of these two species 

along butterfly flight paths, 0.71.±. .08 and 0.18.±. .04 plants/meter respectively. 

The statistically non-significant greater occurrance of L. bakeri along flight paths 

might seem more biologically significant if the butterflies followed were a true 

random sample of all ovipositing butterflies at the site. However, I and field 

assistants each had our favorite places to watch for ovipositing butterflies to 

follow; these places were often in thick L. bakeri clumps. The majority of 
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butterfly-follows thus were initiated at these "favorite subsites" within the larger 

study site, and results are potentially biased. My general observations, however, 

support the results given here: ovipositing butterflies seem to fly randomly over 

the two host species at the Fantasy study site. 

PreaHght and Postalight Preferences for Plants within the Flight Path: 

Pre alight and postalight preferences were both higher for L. bakeri than for L. 

caudatus (Figure 4.1) but in neither case is the difference statisitically significant 

(for pre alight, Wilcoxon Rank Sum test, 2-tailed p < .30 and for postalight, 2-

tailed p < .08). 

The influence of experience: 

When an ovipositing butterfly leaves a host plant, if it then flies over hosts of 

both species before landing on another host, it is possible to ask, is the butterfly 

more likely to land on the host species that it had previously experienced? If 

there is no effect of experience, one would expect the butterfly to land on each 

host species in proportion to its abundance. After landing on L. bakeri, followed 

butterflies flew over both host species 28 times. 72.7%.±. 3.7% of the hosts flown 

over were L. bakeri, and 60.7% of the butterfly'S alights were on L. bakeri (once 

again, because of differences in surface area, 1.0 L. bakeri = 1.28 L. caudatus). 

The difference is not significant (Test for equality of percentages, t = 1.21, 2-tailed 

p = .24) and is in the opposite direction of that expected if experience were 

important. After landing on L. caudatus, only 11 butterflies flew over both host 



124 

species before alighting. Again, no statistically significant effect of experience 

could be found: 29.8% of host stalks in the flight path were L. caudatus, and these 

were landed upon 54.6% of the time (Test for equality of percentages, t = 1.29, P 

=0.22). Note, however, that the power of this last test, with only 11 paired 

observations, is very low, and almost a 40% difference in utilization versus 

availability would be required for the difference to be statistically significant at 

the .05 level. To conclude, if previous experience influences a butterfly'S pre

alight preference, the effects are subtle. 

Post-alight preference was significantly influenced by experience, however. 

Ovipositing butterflies were more likely to oviposit on a host species on which 

they had landed if the previously encountered host were of the same species (G 

test using Williams" correction, p < .01). The pattern holds for both host species, 

but is especially strong for butterfly decisions on L. caudatus (Figure 1.2). 75% of 

butterflies landing on this species did not oviposit if their previous alight occurred 

on L. bakeri, but only 36% did not oviposit when their previous alight had been 

on L. caudatus. A G test shows a difference significant at p < .01. 

Pre alight and postalight preferences of individual butterflies were uncorrelated 

between host species (i.e., butterflies that showed a high preference for L. bakeri 

mayor may not have shown a high preference for L. caudatus). 
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Figure 4.1. Mean Prealight (alights/encounters) and Postalight (ovipositions/alights) 
preferences for plants of the two lupine species, L. caudatLis and L. bakeri, by 22 P. 
icariodes followed at the Fantasy site in 1990 and 1991. Only 18 of the butterflies 
alighted on both host species and only these runs are used in determination of 
postalight preferences. L. bakeri plants average 1.28 times the stalk number of L. 
calldatlls, and results are weighted accordingly for calculations of prealight 
preferences. 
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Figure 4.2., The effect of recent experience on the post-alight preference of 
ovipositing P. icariodes at Fantasy in 1990 and 1991. 
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Egg Location on the Plant: 

Figure 4.3 and 4.4 show a comparison of the age and height on the stalk of 

leaves receiving eggs to the overall age and height distibution of leaves at the 

research site as determined by the random survey. On both lupine species, P. 

icariodes oviposit on older and lower leaves significantly more than one would 

expect by random. All differences are significant at p < .0001 (Chi Square). Leaf 

age and height on the stalk are in themselves correlated (the oldest leaves are at 

the bottom of the stalk), and only one of them may be critical to ovipositing 

butterflies. Observation indicates that leaf age is probably the most important. 

Butterflies often placed eggs on old leaves located near the top of the plant. 

Some leaves chosen by females were completely dry and dead in appearance. 
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\ Figure 4.3. Leaf age and P. icariodes egg location at the Fantasy site in 1990 and 
1991. Leaves at the site were randomly sampled and divided into three 
categories: old, medium, and new (see text for definitions). The availability of 
these leaves at the site is compared to those on which P. icariodes eggs were 
observed laid or on which freshly oviposited eggs were found. 
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" Figure 4.4. Actual distribution of P. icariodes eggs compared to distribution 
expected from measures of leaf availability at the Fantasy site. Leaf location is 
described by the number of nodes down from the top of the stalk to which the 
petiole supporting the leaf in question is attached. 
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The Role of Pubescence: 

All naturally-oviposited eggs occurred on pubescent surfaces. Potential host 

species differed in the availability and location of pubescence, and there were 

consequences for the location of eggs on the plant (Table 4.1). L. bakeri leaves 

were relatively glabrous on the upper surface and hirsute on the lower surface; 

242 of the 244 eggs I have found on L. bakeri were placed on the lower surface of 

the leaves. L. caudatus, on the other hand, is hirsute on upper and lower leaf 

surfaces, and 46% of all eggs found on leaves were on the upper surface of the 

leaf. L. argenteus, a potential host near to the Fantasy site on which larvae do 

quite well, was pubescent only on reproductive structures, and the four eggs I 

have found on this host were all on pods. Pubescence did not explain the 

apparent preference of butterflies for lower, old leaves however. Old leaves were 

no more pubescent than new ones. Table 4.2 presents results of no-choice trials 

for captive female butterflies. Egg number correlates well with pubescence--the 

most pubescent stalks received the most eggs. The hairy nonhost, Aconitum 

columbianum, received significantly more eggs than either L. argenteus or L. 

bakeri with the pubescence removed. Table 4.3 gives the result of exposing eggs 

on different surface types to the weather. It is obvious that eggs laid on smooth 

surfaces adhere less well than those on pubescent or rough surfaces. 
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Table 4.1. Mean number of hairs per square centimeter and 
mean hair length for upper and lower leaf and seed pod 
surfaces of three lupine species: L. bakeri, L. caudatus, 
and L. argenteus. Also presented are the percentage of P. 
icariodes eggs found in the' field on both of these surfaces 
in 1990 and 1991. 

Surface Mean hair 
length (rom) 

L. bakeri 
Upper 0.15 
Lower 0.45 
Pod 0.20 

L. caudatus 
Upper 0.2 
Lower 0.2 
Pod 0.15 

L. argenteus 
Upper 0.15 
Lower 0.20 
Pod 0.20 

Mean hair 
number (cm2) 

194 
404 

1140 

902 
1120 
1760 

0 
44 

1300 

% eggs found 

1 
94 

5 

43 
51 

6 

o 
o 

100 
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Table 4.2. Influences of pubesence on oviposition rates. Mean egg 
numbers laid in 2 hours of captivity by P. icariodes females on six 
types of stems. All stems were lightly rubbed with L. bakeri leaves (to 
stimulate oviposition on nonhosts). "Dehaired" L. bakeri stems were 
rubbed with L. bakeri leaves until all pubescence was removed. P. 
icariodes utilizes only Lupine spp. naturally. 

stem type Pubescence level mean egg number ± s.e. (n) 

L. bakeri normc:.l Hirsute 12.4 ± 1.2 ( 11) 
MonksHood Hirsute 4.0 ± 2.0 (7) 
Sunflower Downy 1.2 ± 0.4 (5) 
L. bakeri dehaired Glabrous 1.0 ± 0.4 (11) 
L. argenteus Glabrous 0.6 ± 0.2 (7) 
Umbel Glabrous 0.2 ± 0.2 (5) 
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Table 4.3. The influence of surface type on egg adhesion. Eggs naturally 
laid by P. icariodes on stems either (1) pubescent, (2) nonpubescent but 
rough with the egg located in a natural crevi~e or cavity, or (3) smooth 
were hung from a tree and inspected 2 weeks later for their presence. 
Eggs located in a crevice or. cavity survived best; both survived 
significantly better than those on smooth surfaces (p < .001, t-test for 
equaity of percentages). 

Surface Type 

1. Pubescent 

2. Rough 

3. Smooth 

Original egg # 

48 

32 

14 

Egg # surviving % surviving 

14 33.3% 

16 50.0% 

o 0.0% 
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Larval Survival, Growth and Preference: 

Larval survival and growth on old and new leaves of L. caudatus or L. bakeri in 

the field were similar. On reproductive tissues, however, only one larva survived, 

but it grew as well as those on leaves. Larvae raised in the laboratory on either 

bitter or sweet lupine leaves also did not differ in survival and growth (see Table 

4.4). In summary, larvae grew equally well on all substrates but survived 

significantly less on reproductive tissues. Larval preference experiments were 

consistent with performance experiments. No effect of leaf age, species or 

alkaloid content was found, but larvae consistently rejected reproductive tissue 

(Table 4.5). 



Table 4.4. Survival and mass of P. icariodes larvae after 30 days bagged in the field on either old 
leaves, new leaves, or reproductive tissues of either L. bakeri or L. caudatus. Larvae survived 
significantly less well on reproductive tissues than on leaves (t-test for equality of percentages, 
2-tailed p < .01), but no other differences are significant. Survival and growth studies on Bitter 
lupine (L. alba sitia) and Sweet lupine (L. alba lucky) were conducted in the laboratory under 
artificial conditions. Larvae were weighed 30 days after hatch. Again, no differences are 
significant. 

Food type Original egg # # surviving % surviving mean mass(mg) 

Old L. caudatus leaves 28 7 25.0% 1.11 ± .52 
New L. caudatus leaves 28 4 14.3% 0.91 + .41 
Old L. bakeri leaves 28 5 17.9% 0.74 "+ .42 
New L. bakeri leaves 28 8 28.6% 0.81 ± .40 
L. bakeri reproductive 28 0 0.0% 
L. caudatus reproductive 28 1 3.6% 0.85 

Sweet leaves 48 9 18.8% 0.84 ± .08 
Bitter leaves 48 12 25.0% 0.94 + .12 

... 
w 
UI 



Table 4.5. Preferences of larval P. icariodes after hatching from the egg. Two leaf types were placed 
touching each other with eggs in between. Larval location two days and four days after hatch was 
recorded. The only significant preference found was for leaves over reproductive tissues of L. 
caudatus. 

Choice Percentage on (1) Percentage on (1) 
(1) vs (2) after 2 days (n) after 4 days (n) 

Sweet leaves. vs. Bitter leaves 47 (34) 47 (34) 
L. bakeri old vs. L. bakeri new 60 (30) 60 (30) 
L. caud. old vs. L. caud. new 62 (26) 62 (26) 
L. caud. old vs. L. caud. flower 100 (11) 100 (10) 
L. caud. new vs. L. bakeri new 52 (23) 67 (24) 

... 
W 
0\ 
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DISCUSSION 

Individual P. icariodes showed no preferences among the two lupine species at 

the research site. This finding contradicts earlier reports in the literature that P. 

icariodes is always an ecological monophage. Although, on a gross level, 

individual butterflies did not seem to differentiate between the two lupine species, 

a closer examination shows a significant correlation between the tendency for a 

butterfly to oviposit on a plant after landing and the species of that plant in 

relation to the species experienced immediately previously by the butterfly. 

Specifically, female butterflies are more likely to oviposit on a plant upon which 

they have landed if their immediately prior experience was on the same host 

species. This relationship between the tendency to oviposit and immediate 

experience is probably a result of short-term learning (Stanton 1983, Papaj and 

Rausher 1983,1987; laenike 1988, Papaj and Prokopy 1989). I have found a 

similar pattern for another lyceanid, Glaucopsyc/ze lygdamus, which also occurs at 

the Fantasy site (Carey 1992a). 

The tendency for a butterfly to prefer the host species recently experienced 

should result in an overall preference for the more abundant host, because it is 

experienced most often; and consequently, a disproportionate number of eggs 

should be placed on the more abundant host. At the Fantasy site, L. bakeri is the 

more abundant host--77% of the host plants and 81% of host stalks are L. bakeri-

but no preferences for L. bakeri are significant. However, at all three levels of 

the oviposition decision, there is a trend towards preferring L. bakeri. Taken 

together, these trends may be biologically significant. One might expect a 

complete behavioral specializiation on L. bakeri if either (1) L. caudatus were 
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rarer, or (2) learning effects were more long-term (Rausher and Odendaal 1987). 

Specialization would also be more likely if experience influenced pre alight 

decisions as significantly as it influences postalight decisions. As it is, butterflies 

continue to land on both host species, even if preferentially ovipositing on one. 

Pubescence, as Downey and Dunn (1964) suggest, influences oviposition 

decisions, and if the more abundant host species were also the more pubescent, 

specialization (ecological monophagy) might occur readily. At the Fantasy site, 

the rare host, L. caudatus, is the more pubescent. The opposing forces--to utilize 

the more pubescent host but also to utilize the more abundant one--might serve to 

maintain utilization of both host species at the site. Both L. bakeri and L. 

caudatus are relatively pubescent, however, when compared to two other lupine 

species, L. argenteus and L. floribundus, that occur at sites not far from Fantasy. 

These two glabrous species both occur in sympatry with either L. bakeri or L. 

caudatus, and casual observation indicates that the local P. icariodes populations 

rarely utilize these glabrous species. I have found only 4 eggs on L. argenteus, all 

on the pubescent seed pods, and only one egg on L. floribundus, in a small cavity 

in the stem. Eggs all fell off of nonpubescent surfaces when they were exposed to 

the weather, and it may be that pubescence is important in helping eggs adhere to 

the plant. 

Wby Old Leaves? 

Pre·diapause P. icariodes larvae almost always stay in the vicinity of the eggshell 

until they are ready to diapause (pers. obs), and thus egg placement is the primary 

determinant of pre-diapause larval food. Why then are eggs usually placed on the 
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lower, old leaves of the host plant, which are nutritionally inferior in terms of 

carbohydrates, nitrogen, and water content to other plant tissues (unpubl. data)? 

The question is especially interesting 'when the behavior is contrasted with many 

other lycaenids that oviposit on and consume reproductive tissues. The other 

lycaenid butterfly that feeds on lupine at the Fantasy site, G/aucopsyc/ze /ygdamus, 

is among these. G. /ygdamus adults oviposit on young inflorescences, and larvae 

prefer floral tissue over leaves (Chapter 1-2). Larvae also survive and grow 

significantly better, both in the field and in the laboratory, when fed flowers than 

when fed leaves of either L. caudatus or L. bakeri (Chapter 2). 

P. icariodes larvae, however, refuse reproductive tissues and usually die when 

given nothing else. Are they avoiding high levels of secondary chemicals as are 

many other insects that eat old leaves (Cates 1980)? It seems unlikely. P. 

icariodes larvae grew and survived equally well on lupine leaves of all ages and of 

all species tested, including sweet lupine, which has no alkaloids, and on which 

larvae should do exceptionally well if alkaloids playa role. Rather, the relatively 

invariate, slow growth of these pre-diapause larvae suggests that growth is 

regulated by a factor other than the nutritional quality of the food. Perhaps slow 

growth is, in some way, a preparation for larval diapause. For example, it could 

be necessary for build up of glycerol or other anti-freeze compounds (Wyatt and 

Kalf 1958, Baust and Miller 1970). Or, it could be beneficial for larvae to wait 

until later in the year to initiate diapause. Regardless, the seemingly-fIXed, slow 

prediapause growth of these larvae makes the nutritional quality of the food plant 

relatively unimportant. Ovipositing adults and feeding larvae could thus be 

choosing old leaves because, although they are nutritionally inferior, they are 
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superior in other ways. I offer several possibilities below. 

First, old leaves are predictable and common. Young plant tissues, especially 

later in the spring, when P. icariodes fly, are not. Ovipositing insects may be 

limited by their ability to find quality oviposition sites (Price et. al 1990), and P. 

icariodes may benefit by searching only for the more common leaves and limiting 

"decision making" (Courtney 1983). Second, it seems probable that predation 

and other mortality risks may be lower on lower, old leaves than on upper, new 

leaves or reproductive tissues (Shahjahan 1974) or in the litter where larvae 

diapause (Weseloh 1988). At the Fantasy site, I have noted the vast majority of 

spider and parasitoid activity to be on the upper portions of the plant. In 

addition, elk, deer and cattle generally graze off only the top portions of the plant, 

leaving the lowermost leaves. Last, larvae and eggs on lower leaves are less 

vulnerable to wind and rain, both of which I have observed to remove larvae and 

eggs from the plant. 

Finally, those plants that have old leaves when P. icariodes are laying their eggs 

may be the same plants that emerge the earliest in the spring, when post-diapause 

larvae terminate diapause and feed, and when the great majority of larval growth 

occurs. 

All of these arguments boil down to a similar theme: for the larval-diapausing P. 

icariodes, rapid, pre-diapause larval growth may be relatively noncritical. 

Diapausing larvae weigh less than one fiftieth of the mature larvae, thus only a 

fraction of the total growth occurs at the pre-diapause stage; and lupine leaves are 

available well into the fall--a quick entry into diapause is beneficial only if it 

minimizes predation risks. Ovipositing females may be maximizing larval survival 
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and post-diapause performance at the expense of pre-diapause growth potential. 

Old leaf utilization may be superior, for any number of potential reasons, to 

utilization of new growth tissue in accomplishing this goal. 

In conclusion, at the Fantasy research site, P. icariodes show no tendency 

towards ecological monophagy. If, as reported in the literature, ecological 

monophagy occurs at other sites, it most likely results from some combination of 

pubescence differences between the host species, butterfly learning, and 

differences in host abundance, and not from differences in larval growth and 

survival on the different host species. The marked preference of ovipositing 

butterflies and larvae for old leaves and a low variance in pre-diapause larval 

growth over a wide range in food quality suggest that rapid growth for pre

diapause larvae is not of primary importance to these butterflies and that lower, 

old leaves may be utilized for reasons not related to food quality. 
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Chapter 5: Diapause and the Host Plant Affiliations of Lycaenid Butterflies. 

ABSTRACT: Results of three years of study on the host plant affiliations of two 

lycaenid butterfly species (Lycaenidae) suggest that differences between the two 

butterflies in host plant range, plant tissue oviposited on by adults and consumed 

by larvae, larval growth rates, and adult flight season may be consequences of a 

difference in diapause stage: one species diapauses as a pupa; the other as a larva. 

The experimental results and logic leading to this conclusion are summarized. 

The generality of the correlation between diapause stage and host plant relations 

are tested through a survey of North American and British lycaenids. Significant 

relationships are found. Egg-diapausing species tend to utilize woody hosts and 

be univoltint. Host range is intermediate. Larval-diapausing species utilize 

leaves of herbaceous plants and have narrow host ranges. Pupal-diapausing and 

nondiapausing species tend to utilize flowers of both woody and herbaceous plants 

and to have broad host ranges. These patterns are still significant when a 

taxonomy-based phylogeny of lycaenid butterflies is incorporated into the analysis

-changes in diapause stage are concurrent with changes in host plant range and 

the part of the host plant used as an oviposition site. There are indications that 

diapause si.age may be evolutionarily more constrained than host-plant affiliation 

patterns and thus may be a cause rather than a correlate of these patterns. 

Key Words: diapause, Glaucopsyclze lygdamus, host range, larval growth rate, life 

history constraints, Lycaenidae, oviposition site, Plebijus icariodes, predation risks. 
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INTRODUCTION 

For insects in temperate climates, diapause is a common evolutionary strategy 

for surviving winter conditions. The diapausing insect is relatively inactive and 

protected yet able to respond to environmental stimuli, ensuring that emergence 

from diapause will be synchronous with favorable environmental conditions. 

Diapause in insects is known from all life stages, egg, larva, pupa and adult, but, 

in anyone insect species, diapause usually occurs during a specific stage. This 

stage, the timing of diapause, and the synchronization of the insect's life cycle with 

the seasons, directly or indirectly determine much of the insect's life history (e.g. 

Tauber et al. 1986, Wood 1987, Topp 1990). 

Might diapause stage influence the host-plant affiliation of an herbivorous 

insect? For some relatively immobile, herbivorous insects, it seems that it does. 

Moran (1988) and Kopp and Yonke (1973) found for aphids and membracids, 

respectively, a relationship between diapause stage and host plant architecture: 

species diapausing as eggs were restricted to woody hosts during at least the 

winter months. Hayes (1982) found the same pattern in Lepidoptera. She also 

found that species with a larval diapause most often utilize herbaceous hosts. 

Larvae, Hayes argues, most often diapause in the ground and require a nearby 

food source upon emergence. The chance of surviving to reach the new leaf 

material of a tree or shrub is not high. Species that overwinter as pupae were 

clustered either on woody or herbaceous hosts, and Hayes suggests that the use of 

woody hosts may be a consequence of some pupae being specially adapted to 

overwintering on the host plant. Slanksky (1974) has also suggested a relationship 

between host-plant affilations and diapause stage and voltinism in temperate 
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butterflies. 

The above examples suggest that an insect's life history, specifically its diapause 

stage, may significantly constrain or be interdependent with its host plant 

affiliation. My own interest in the relationship between life history and host plant 

affiliation results from three years of study on the host plant affiliation of two 

lycaenid butterflies in Colorado. The two butterflies differ in several aspects of 

their host plant use. I have concluded that the most significant difference 

between the two butterflies is their diapause stage--one overwinters as a larva and 

the other as a pupa--and that this difference alone may be sufficient to explain 

differences in host plant affiliation. In this paper, I summarize the results and 

thinking that have led me to this conclusion. I then examine temperate lycaenids 

as a whole to see if the patterns present in the two lycaenid species studied can be 

generalized to other systems. 

Studies on Two Lycaenid Butterflies 

For specific methods of obtaining the results presented here, see Chapter 1-4. 

All studies occurred in the general vicinity of the Rocky Mountain Biological 

Laboratory in Colorado. The two lycaenid butterflies, Glaucopsyc/ze lygdamus and 

Plebijus icariodes (Lycaenidae, tribe Polyommatini (blues», are superficially very 

similar, and adults and larvae are difficult to tell apart in a field setting. Both 

species are distributed throughout most of the western United States, both are 

univoltine, and both utilize leguminous host plants. Larvae of both are tended by 

ants. A closer look, however, reveals a number of important differences between 

the two butterflies. G. lygdamus larvae eat plant reproductive tissues, while P. 



icariodes larvae eat old leaves. In addition, relative to P. icariodes, G. lygdamus 

grow faster as larvae, fly earlier in the spring as adults, and utilize a relatively 

wide range of host plants. G. lygdamUs also diapauses as a pupa; P. icariodes 

diapauses as a second ins tar larvae. Table 5.1 summarizes the differences 

between the two species. 
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Table 5.1. Life history differences between the two lycaenid butterflies, G. 
/ygdamus and P. icariodes. 

BUTfERFLY G. /ygdamus P. icariodes 
SPECIES 

Flight Time early spring late spring/ early 
summer 

Oviposition Site young flower bud lower, old leaf 

Larvae Consumes reproductive tissue leaf tissi.le 

Pre-Diapause Larval rapid (48.2.±. 3.2) slow (0.90.±. 0.32) 
Growth (mg 30 days 
after egg hatch when 
fed lupine leaves) 

Number Host Genera 10 1 

Diapause Stage pupa larv'a 
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147 

Summary of G. lygdamus Life History: 

Adult G. lygdamus butterflies emerge from diapausing pupae in early spring. 

The mobile adults selectively oviposit only on the unopened flower buds of their 

leguminous hosts and will select any host species in the correct flowering stage 

over any host species in a different stage (Chapter 1). Larvae usually consume 

reproductive tissues throughout development (egg hatch to pupation averages 

about 30 days). If larvae are forced to consume leaves, survival and growth rate 

decrease significantly (Chapter 2). The importance of host flowering stage to both 

ovipositing adult and developing larvae has implications for host-plant range. At 

my study sites, the time of butterfly emergence relative to host-plant flowering 

phenology differs in different years. The butterflies, consequently, use different 

host species in different years; i.e., when butterflies emerge relatively early, they 

use early-flowering host species. A similar phenomenon occurs over the course of 

a single flight season: early in the season, most eggs are placed on early-flowering 

host species, and late in the season, eggs are all placed on later-flowering species 

(Chapter 2). Because butterflies utilize different host species at different times, 

butterfly popUlations may be dependent upon the availability of mUltiple host 

species to persist (Chapter 2-3). Multiple host species may also buffer the 

potentially-drastic effects of weather-induced reproductive failures of any single 

host species; these failures are common at the study sites (Ehrlich et a1. 1972). 

The above observations are corroborated by a survey of 30 isolated patches of G. 

lygdamus host plants in which host plant diversity was found to be the single best 

predictor of butterfly popUlation density (Chapter 3). 

The importance of multiple host-plant species to G. lygdamus population 
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persistence is important only because of the extreme selectiveness of the 

ovipositing adult. If the butterflies placed eggs on leaves, one host-plant species 

would be consistently available from year to year and throughout the flight season. 

Why is the adult so selective? The answer is probably: (1) because its mobility 

allows it to be, and (2) because, for this species, larvae complete development in 

a month, usually within several centimeters of the egg; thus egg location 

determines the quality of the plant tissue ,consumed by the larvae. The most 

nutritious parts of a plant are usually the reproductive tissues (Rhoades & Cates 

1976, Mattson 1980, Pierce 1985, Burgess 1991); these are the ones ovipositing G. 

/ygdamus choose. 

In summary, the strategy of G. lygdamus seems to be to pick a good spot, grow 

fast and pupate as quickly as possible. The strategy is made possible by the 

ability of the mobile adult to predict, with a relatively high degree of certainty, the 

quality of food to be experienced by the larva throughout its development. A 

consequence of the strategy is a relatively broad host range, because, at least in 

some locations, floral tissue is unpredictable in time and space. 

Summary of P. icariodes Life History: 

P. icariodes larvae diapause as second instars in the soil below their perennial 

lupine hosts. When larvae terminate diapause in the spring, they must locate the 

plant and begin to feed. They cannot afford to be selective about the phenology 

or general health of the plant they find--they are small and crawl slowly; 

nevertheless, the vast majority of growth occurs in these post-diapause larval 

stages. The mobile adult emerges in early summer and begins to lay eggs. The 
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majority of eggs are placed on older leaves. Larvae grow slowly and diapause at a 

small « 1 mg) size. Larval growth rates do not seem to be limited by food 

quality. Larvae survive and grow equally well on leaves of all lupine species 

(Downey and Dunn 1964) and on lupine leaves variable in alkaloid content and 

age (Chapter 4). When fed lupine reproductive tissues, however, the same tissues 

on which G.lygdamus do best, larvae usually refuse to eat and die. In Chapter 4, I 

offer several possible explanations for old-leaf utilization by P. icariodes. The first 

is that the ovipositing adult has direct control over food quality for only the 

prediapause larva, when little growth occurs. Selection is therefore not for a 

highly nutritious oviposition site but for a predictable, easily located and low

predation-risk oviposition site. A second explanation is that old- leaf utilization, 

in some manner, aids larval diapause. A third explanation is that the plants with 

the most nutritious early growth for post-diapause larvae in spring are those with 

predominantly old leaves in late spring when adults are ovipositing. 

Regardless of the reasons for old leaf utilization, however, there are 

consequences for host-plant range. Unlike reproductive tissue, leaves are 

predictable througho~lt the growing season and from year to year. This 

predictability would allow a P. icariodes population, if specialized on a locally 

abundant host like lupine, to persist. Indeed, P. icariodes is a local specialist on a 

single lupine species throughout most of its range (Downey and Dunn 1964). 

To summarize, although much at this time remains speculation, it seems likely 

that many of the life history differences between G. /ygdamus and P. icariodes are 

related to the differences in diapause stage. Ovipositing G. /ygdamus have a high 

level of control over the food quality experienced by larvae throughout 
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development, and it makes sense, therefore, for ovipositing adults to be choosy 

about the food quality of the oviposition site. Flowers are of high food quality 

but unpredictable; their utilization prevents G. lygdamus from specializing on any 

one host species. Ovipositing P. icariodes, on the other hand, have relatively little 

control over the quality of food experienced by later-instar larvae, during which 

most growth occurs. There is a strong incentive to choose oviposition sites that 

would minimize early ins tar mortality and maximize diapause success. Such sites 

are predictable within one host species, and P. icariodes populations are thus able 

to specialize on one host species. Why it is that early instar growth of P. icariodes 

is much slower than that of G. lygdamus when larvae of both species are fed 

identical leaves is not clear, but slow growth may serve to minimize pre-diapause 

predation risk or to maximize diapause success. 

Diapause Stage and Host Associations in Temperate Lycaenids: A Survey. 

Predictions: 

Before undertaking to survey temperate lycaenids as a whole, I made several 

predictions based upon my studies of P. icariodes and G. lygdamus. First, lycaenid 

species diapausing as larvae should predominantly utilize leaves and have narrow 

host ranges, while species diapausing as pupae would utilize reproductive tissues 

and have relatively broad host ranges. Second, nondiapausing species should 

oviposit on flowers because they, like pupal diapausing species, have a relatively 

large influence over the food received by later-instar larvae, would oviposit on 

flowers. Host range should be correspondingly broad. Last, egg diapausing 

species should place eggs on perenniel plant parts. This last prediction is based 
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upon previous findings reported in the literature and not my own observation. 

However, because perenniel plant parts, like leaves, are predictable, I predict that 

egg-diapausing species should have narrow host ranges. 

Methods 

Descriptions of North American lycaenids were obtained from Scott (1986). 

Information on British lycaenids comes from Goodden (1978), Brooks and Night 

(1982), and Howarth (1984). Only phytophagous lycaenids were included and 

only those for which the diapause stage is known. Diapause stage was recorded 

as either egg, larva, or pupa. Those that diapause as a full-grown larva were 

treated as a pupa. Eggs were recorded as being preferentially deposited on either 

(1) leaves, (2) flower buds, (3) stems or twigs, or (4) at the base of the plant. 

When a butterfly was recorded as ovipositing "on flowers and sometimes leaves", 

both flowers and leaves were recorded, but the preferred location, flowers, was 

utilized in analyses. The number of host plant genera and families were 

determined by counting the number of substantiated hosts listed. Host plant 

architecture was grouped into four categories: hosts dominantly (1) trees or woody 

shrubs, (2) non-woody plants with a year-round above ground component (e.g. 

agave, Crassulaceae, or mistletoe), (3) perennial or annual herbs, or (4) a mixture 

of all of the above. Finally, the average voltinism was recorded. If, for example, 

a butterfly species had 3 generations in the south and 1 in the north, then "2" was 

recorded. 

Correlative studies of evolved traits must take into account the phylogeny of the 

organisms involved (Felsenstein 1985, Donoghue 1989, Maddison 1990). Of 
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interest is whether the evolution of one character is correlated with some other 

variable, but conventional correlational tests that treat species as independent 

sample points are usually inappropriate. Here, I ask, when phylogeny is taken 

into account, are life history traits such as oviposition site, host range, and host 

plant architecture correlated with diapause stage? This process eludes 

conventional analyses for two reasons. First, the characters involved are not 

simple binary characters (sensu Maddison 1990). There are usually multiple 

calegories for each variable. Second, no good phylogeny for temperate lycaenid 

butterflies presently exists. My solution was to use simple logic and probability 

theory to decide which patterns are significant. Wherever possible, the most 

conservative approach is used, resulting in low power and low probability of 

committing a type 1 error. For a phylogeny, I use that implied by taxonomic 

placement, assuming taxa within a category to be monophyletic. For temperate 

lycaenids, this assumption is reasonable (Robbins pers. comm., Eliot 1973). The 

resolution of this phylogeny is, obviously, not great. For example, relationships 

among genera within a tribe cannot be resolved. Consequently, if, within that 

tribe, there are 10 genera that diapause as eggs, all using woody hosts, and 5 that 

diapause as larvae, all using herbaceous hosts, I can only assume one evolutionary 

character change, one data point indicating that a change in diapause stage 

corresponds with a change in host plant architecture. A second consequence of 

using a phylogenetic tree based on taxonomy is that I must assume the ancestral 

character state to be that which requires the minimal amount of evolutionary 

change in the character in question. Again the effect is to minimize potential 

data points. 
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RESULTS 

Sufficient data for some analyses were found for 129 lycaenid species and 

complete data for 123 species. Table 5.2 provides a general summary of the 

relationship between diapause stage and other life history traits. No significance 

level can be attributed to this table because data points are not independent; i.e., 

phylogeny would not be incorporated into the analysis. Nevertheless, there are a 

number of obvious and interesting patterns. Butterflies diapausing as eggs tend to 

oviposit on woody stems or occasionally at the base of herbs. Host range is 

relatively narrow. Most species are univoltine. Species diapausing as larvae tend 

to oviposit on leaves of herbs and to have a narrow host range; they average 1.5 

generations a year. Species diapausing as pupae tend to place eggs on flowers 

and to utilize an assortment of host plant architectures. Host ranges are broad. 

Generations average 1.5 per year. Species that do not diapause also place eggs 

on flowers of assorted plant architectures. Host range is intermediate. 

Variables correlate not only with diapause stage but with each other. Host 

range, as determined by number of host genera, cvrrelates strongly with host 

range determined by host family number (Pearson corr. coeff. = .961); hence, in 

the following analyses, only the number of host genera is used as a measure of 

host range. Table 5.2 shows the relationship between host range and oviposition 

site. Note that the host range of species ovipositing on flowers is more than three 

times that of those ovipositing on leaves. The host range of those species 

ovipositing on stems or at the base of the plant is intermediate. The correlation 

between host range and voltism is positive but small (Pearson corr. coeff. = .364). 



Table 5.2. Relationships between diapause stage and other life history traits for 129 lycaenid 
butterflies from Britain and North America. The relationship between oviposition site and number of 
host genera is also given. Listed are the actual numbers of butterflies in each category for . 
oviposition site and host plant architecture data, and the means and standard errors for numbers of 
host families and genera utilized and number of generations/year. 

Diapause stage 
Egg 

oviposition site: 
base of plant 
stem 
leaf 
flower 

Host Plant Form: 
woody 
year-round 
herb 
mUltip'Ie 
base of herb 

Host families 
Host genera 

Mean volt ism 

7 
26 

6 
o 

28 
1 
3 
o 
7 

1. 61±. 07 
2.58±.26 

1. 09±. 00 

Larva 

o 
o 

18 
3 

4 
2 

12 
4 
o 

1. 35±. 03 
2.17±.13 

1. 54±. 02 

Pupa No diapause # Host 
Genera 

0 0 3. 86±1. 5 (7) 
0 3 2.52±.43(29) 

11 9 2.08±.07(48) 
21 19 6.98±3.2(41) 

7 12 
6 4 

12 17 
8 2 
0 0 

3.88+.99 1.59+.03 
7.69±5.7 3.97±.43 

1. 53±. 03 

... 
lit • 
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The 92 diapausing lycaenid species in this survey can be placed in 12 groups that 

are consistent in diapause stage and taxonomic ancestry (Table 5.3). This 

grouping does not neccessarily reflect the true phylogeny of these lycaenids. It 

sorts species by only two criteria: taxonomic placement and diapause stage, and 

assumes only that subfamilies, tribes, and genera are monophyletic and that 

diapause stage underwent minimal evolutionary change. Note that in each of the 

12 groups, diapause stage correlates with oviposition site--egg diapausing species 

dominantly place eggs on woody stems or the base of herbs, larval diapausing 

species dominantly place eggs on leaves, and pupal diapausing species dominantly 

place eggs on flowers. 

Is this seemingly strong correlation between diapause stage and oviposition site 

statistically significant when phylogeny is taken into account? I assume in this 

analysis that the ancestral diapause stage was the larva; it requires minimal 

evolutionary change and is thus conservative (in reality, the ancestral diapause 

stage was probably the egg, because lycaenids using ancestral woody hosts 

diapause as eggs). Assuming, however, an ancestral larval diapause and minimal 

evolutionary change, we can be quite certain that a pupal diapause independently 

evolved at least twice and an egg diapause at least four times. Each of these 

evolutionary changes corresponds with the predicted change in oviposition site. 

The chance of this happening randomly is 0.29 4 * 0.35 2, or p = .0009. This 

analysis uses as the probability of using a particular oviposition site, the 

percentage of lycaenids surveyed using that oviposition site. Stem and base-of

herb oviposition sites are lumped. 

What is the relationship between diapause stage and host plant range? The 
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prediction was that pupal diapausing groups would have broader host ranges than 

those diapausing as larvae or eggs. Host range in the two pupal-diapausing 

groups is more than twice as broad as the host range of all but one of the other 

10 groups, a group of 3 egg-diapausing species. The chance of this occurring 

randomly can be assessed by ranking the mean number of host genera used by 

each of the 12 groups. The chance of the two pupal-diapausing groups having, by 

chance, the first and third broadest host plant range is p = .03 (Wilcoxon Rank 

Sum Test). This test was designed for independent samples and not means. Its 

use on means makes the test more conservative. Note also that the pattern is not 

due to spurious correlations between diapause stage and voltinism (multivoltine 

species tend to have broader host ranges (Joern 1979». Larval diapausing species 

are just as often multivoltine as pupal diapausing ones (Table 5.2). 

I do not attempt to use a phylogenetic approach to assess the relationship 

between diapause stage and host plant architecture. The analysis would add little 

to what can be gleaned from Table 5.3: egg-diapausing species utilize 

predominantly woody plants, and pupal and larval-diapausing species utilize 

predominantly nonwoody hosts. I will note only that the tendency to place 

diapausing eggs at the base of herbs instead of on woody hosts evolved at least 

twice. It occurs within two different butterfly tribes: coppers (Lycaenini) and 

blues (Polyommatini). 

Of final interest in Table 5.3 is the number of unique host plant family 

combinations for each of the 12 groups. A unique host plant family combination 

is one that no other butterfly species in the group utilizes. For example, if 7 

species in a group utilized only leguminous host plants, 4 species utilized only 
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composite host plants, one species utilized both Leguminosae and Compositae, 

and one species utilized host plants in both Leguminosae and Polygonaceae, then 

that group would contain 4 unique host family combinations. Given the number 

of butterfly species in each group, there are a surprisingly high number of unique 

host-plant family combinations. The lowest ratio of unique host-plant 

combination to butterfly species number within a group is 0.46. In other words, 

no more than half of the butterfly species in a group use the same host-plant 

families. If the butterfly groupings presented here are monophyletic, this result 

implies that butterfly species are much more constrained by diapause stage and 

oviposition site than by host-plant family. If these groupings are not 

monophyletic, then we can make no statement about the relative lability of 

diapause stage, oviposition site and hostplant family. However, the high 

correlation between diapause stage and oviposition site and, perhaps, host range, 

would become even more significant. 
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Table 5.3. 94 North American and British butterflies in the family, Lycaenidae, grouped into 12 
groups consistent in ancestry, as reflected by taxonomy, and in diapause stage. Listed for each 
group are (1) the butterfly genera in the group, (2) the number of butterfly species in t~e group, 
(3) diapause stage, (4) the tissue oviposited on by the majority of species in the group and the 
percentage ovipositing there, (5) the mean number of host plant genera utilized by species in the 
group, and (6) the number of unique host plant family combinations utilized by the different 
butterfly species in the group (see text). The first tribe, Riodinini, is actually in a different 
subfamily, Riodininae, than are the three other tribes, which are in the subfamily Lycaeninae. 

Tribe 

Riooinini 

Thecl ini 

Thecl ini 

Thecl ini 

Lycaenini 

Polyoomatini 

Polyoomatini 

Polyoomatini 

Polyoomatini 

genera species # Diapause Main Oviposition Mean # Unique Host 

Apodemia, Calephelis 

Habroides, Thecla 
Phaeostrymon, Fixsenia 
Harkenclenus, Satyrium, 
Quercusia, Strymonidia 

Callophrys, Atl ides 
Strymon 

Calycopis 

Lycaena 

Lycaena 

Plebijus 

Plebijus 

Lyscndra 

Lysandra 

Polyoomatus 
Aricia 

Brephidium, Everes 
Celastrina, Philotes 
Glaucopsyche, Cupido 
Philotiella, Euphilotes 

5 

22 

19 

3 

12 

3 

9 

3 

13 

stage site (X) Host Genera Families 

larva leaf (BOX) 

egg stem, base (96X) 

pupa flower (5BX) 

larva leaf (100X) 

larva 

egg stem, base (73X) 

egg base (67X) 

larva leaf (75X) 

egg stem (100X) 

larva leaf (100X) 

larva leaf (100X) 

pupa flower (m) 

1.2 

2.6 

6.3 

3.0 

2.0 

1.6 

6.7 

2.9 

3.0 

1.0 

2.3 

7.0 

4 

11 

12 

2 

6 

3 

5 

2 

6 



159 

DISCUSSION 

Patterns for temperate lycaenids agree well with the patterns predicted by the 

detailed study of G. lygdamus and P. icariodes. Diapause stage, host plant 

architecture, oviposition site, and host plant range are all intercorrelated. The 

high level of intercorrelation suggests the existence of several discrete life history 

strategies: (1) diapause as an egg, utilize woody hosts, be univoltine; (2) diapause 

as a larva, utilize herbacious leaves, have a narrow host range; (3) diapause a 

pupa, utilize flowers, have a broad host range; or (4) live in tropical areas, don't 

diapause, and utilize host flowers of many hosts. In this scenario, an evolutionary 

change in one life history parameter would tend to be followed by changes in the 

other parameters, maintaining the discreteness of the strategies. If true, we would 

learn much by determining which of these life history parameters is the 

evolutionarly most constrained, for it is the parameter ultimately limiting (or 

determining) a butterfly's life history strategy. If we assume the phylogentic tree 

implied by taxonomic nomenclature to be fairly accurate, then the leading 

candidate for this "constraining parameter" is diapause stage. Within the 13 

genera containing more than one species that are included in the survey, species 

in a single genus vary in diapause stage only 3 times. Host plant architecture, 

oviposition site, and host range vary 7, 8, and 7 times, respectively (host range is 

inconsistent if within the butterfly genera there are species utilizing only one host 

genus and others utilizing more than 3 host genera). Furthermore, there is only 

one species, Plebijus shasta, a bienniel species, that is recorded as being variable 

in diapause stage. In contrast, a number of lycaenid species utilize diverse host 

plant architecture over their range; and individuals of some species (e.g., P. 
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icariodes) may oviposit alternately on stems, leaves, and flowers, even though one 

location is favored (pers. obs. and Scott 1986). Ultimately, the identification of 

this "constraining parameter" hinges upon the availability of a good phylogenetic 

tree for lycaenids, one developed using characteristics other than the life history 

traits in question. 

Why might oviposition site, host plant architecture and host plant range vary 

with diapause stage? I have already presented many of my arguments earlier in 

this paper; I summarize them and add some alternatives here. 

Lycaenid species that diap31.lse as eggs normally lay eggs on the stems of woody 

hosts. This pattern is similar to that found in membracids (Kopp and Yonke 

1973) and Lepidoptera as a whole (Hayes 1982). Potential explanations are 

multiple (Moran 1988), but the most obvious is simply that overwintering eggs 

placed on the stems of nonwoody hosts do not fare well due to either (1) death of 

herbaceous stems over the winter, or (2) phenology differences between trees and 

herbs (Kochmer and Handel 1986, Clapham et aI. 1987, Burgess 1991). Egg

diapausing species are almost always univoltine. Woody hosts, although large and 

apparent, may have acceptable leaf and reproductive tissue, critical food for 

emerging larvae, available for only a limited time period (Feeny 1970, Rhoades & 

Cates 1976, Scriber 1977, Auerbach and Simberloff 1984). On such hosts, a 

multivoltine life style may be impossible. The probable necessity of 

phenologically specializing to such hosts (e.g. Wood 1987, Moran 1988) may also 

serve to limit host plant range. The tendency to place diapausing eggs on the 

ground at the base of herbs has evolved at least twice. Herbaceous leaves are 

generally higher food quality than leaves of woody plants (Scriber and Slansky 
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1981), but there must be costs to having just-hatched larvae searching for host 

plants. Perhaps, in these species, there will now be selection for a larval diapause. 

Larval diapausing species usually oviposit on leaves of herbaceous plants. 

Earlier, I advanced two general explanations for utilization of leaves: (1) leaf 

utilization is somehow critical for diapausing larvae, or (2) rapid growth for pre

diapause larvae is relatively noncritical. If growth is relatively noncritical, 

selection for an oviposition site of immediate high food quality may be overridden 

by selection for an oviposition site (a) with minimal mortality risks (see Shahjahan 

1974, Weseloh 1988), (b) that is predictable and easy for an ovipositing butterfly 

to find, or (c) that has old leaves in early summer but that will have abundant, 

nutritious early growth when larvae teminate diapause early in the spring (Slansky 

1974). It would be interesting to compare the growth rates (and oviposition sites) 

of multivoltine, larval diapausing species in different generations. One would 

predict the diapausing generation to grow slower and utilize leaves more often 

than other generations. Regardless, the utilization of leaf tissue, which is 

predictable in space and time, allows for the specialization of the butterfly on a 

single host species. 

Pupal-diapausing lycaenids tend to place eggs on plant reproductive organs, 

usually young flower buds. Flower buds may be the most nutritious part of the 

plant, but they are only utilizable by a mobile herbivore or by a quickly 

developing immobile herbivore with a mobile adult phase. The latter description 

fits pupal-diapausing and non-diapausing lycaenids, both of which utilized 

predominantly flowers. The host range of flower-utilizing lycaenids is relatively 

broad, and there are several potential explanations for this correlation (Robbins 
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and Aiello 1982). I favor the first, because it seems to be true for G. /ygdamus; 

that is, flowers are unpredictable and thus any butterfly population specializing on 

the flowers of a single host will not persist (Carey 1992b,c). Examples of such a 

relationship between host predictability and host range are common in the 

literature (Levins and MacArthur 1969, Jaenike 1978, Joern 1979, Wiklund 1982, 

Lacy 1984, Courtney and Chew 1987, Chew and Courtney 1991). It is important 

to note that predictability is a function not only of plant tissue but also of 

herbivore mobility, host abundance, and host flowering strategies. Flowers are 

not always unpredictable, and some bees, for example, are quite host specific 

(Schemske 1983). I suggest here only that flowers, on average, are more 

unpredictable than leaves and thus, on average, lycaenids utilizing flowers should 

have a broader host range. 

A second explanation for the broad host range found in flower-utilizing lycaenids 

is that flowers are chemically less defended than other plant tissues, thus 

permitting a generalist strategy. That flowers are generally less defended than 

other tissues seems not to be true (Burgess 1991, Chapter 2); however, it is 

possible that the greater nutrient availability in flowers gives larvae a greater 

tolerance for allelochemicals (Chapter 2). The high performance of G. /ygdamus 

larvae on flowers despite high alkaloid content in these tissues suggest that this 

latter is quite possible (Chapter 2). However, the mere ability to physiologically 

utilize a wide host range is not, in and of itself, an explanation for that wide 

range. It may just permit it. A third explanation is that flower-feeding species 

are more attractive to ants (Pierce 1985), and that protective ants in turn release 

species from predation pressures and a corresponding need to specialize (Atsatt 
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1981, Bernays and Graham 1988). In the survey conducted here, records were not 

complete enough to allow evaluation of this hypothesis. However, my studies of 

G. lygdamus showed no influence of plant tissue consumed by larvae on ant 

attendence: larvae feeding on leaves were as well attended as those feeding on 

flowers. In addition, for most lycaenids, only late-instar larvae are ant-attended 

(Scott 1986), and it seems unlikely that the benefits of increased ant-attendance in 

late instars would, alone, outweigh the increased mortality costs of utilizing, in all 

instars, risky floral tissues of diverse hosts. A final explanation for a broad host 

range in flower-utilizing species is that these species are more likely to make 

mistakes and oviposit on flowers visited for nectar (Aiello and Robbins 1982). 

Flower-utilizing species may depend upon visual cues to choose hosts, and floral 

displays of unrelated hosts are often quite similar (Burgess 1991). My studies on 

G. lygdamus offer no evidence for this last hypothesis, however. Butterflies were 

never observed to oviposit on nectaring flowers and only nectared occasionally on 

one of their host species. 

In conclusion, the specific life history strategies found for lycaenids in this 

analysis are unlikely to apply to other butterfly species, because of the many 

differences between lycaenids and other butterflies. Lycaenid larvae, for example, 

are relatively small and immobile, and it is this fact that probably makes 

oviposition site so important. Despite the nonuniversality of these specific life 

history strategies, it is likely that diapause stage and host plant affiliation are, in 

some way, related for non-Iycaenids (see, for example, a survey done by Burgess, 

1991, on microlepidoptera); and it would seem prudent to include consideration of 

life history in some of the many ongoing studies on host plant affiliation in 
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herbivorous insects. 
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