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ABSTRACT 

In phytophagous insects, the female’s decision of where to place eggs can have important 

consequences for offspring. Ecologists ascribe great importance to the host plant for the 

performance of larvae, so why a female would routinely lay eggs away from the host plant is 

puzzling, and is the subject of this study. Despite their larvae being specialist herbivores of 

plants of a single genus, Asclepias, milkweed leaf beetles, Labidomera clivicollis clivicollis, lay 

eggs on non-host plants in the vicinity of their host. To determine whether laying eggs on non-

host plants could be a maternal strategy to increase hatching success by avoiding egg predators, 

which could be more abundant on the host plant, we placed egg clutches from wild-caught 

female L. c. clivicollis on swamp milkweed, Asclepias incarnata, and on nearby herbs that were 

not A. incarnata. We observed the number of eggs that were depredated from each clutch daily 

until the last egg had hatched or was eaten. After the first egg from each clutch hatched we were 

able to estimate eggs that were eaten by hatchlings (intra-clutch cannibalism) and quantify 

subsequent predation by older conspecifics (2nd-fifth instar larvae or adults) and heterospecific 

predators combined. We found that, together, older conspecific and heterospecific predators 

discovered more egg clutches and ate more eggs on host plants than on non-host plants. 

Furthermore, more eggs hatched from clutches on non-host plants than from those on host plants. 

However, we found no difference between the two locations in any measure of within-clutch 

cannibalism, falsifying the possibility that mothers compensate via strategies that increase 

opportunities for egg cannibalism by newly hatched larvae. We concluded that placing egg 

clutches on a non-host plant is a maternal strategy to increase hatching success by avoiding 

predation on the host plant and that females that place their egg clutches on non-host plants do 

not incur the cost of increased within-clutch cannibalism. 
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INTRODUCTION 

Among phytophagous insects, the site at which a mother chooses to place her eggs can 

have profound implications for offspring. In the past, much attention has been given to the 

variety of factors that vary among potential host plants and can influence fitness in the larval 

stage. Examples include nutritional value (Rausher, 1983) and the availability of chemicals the 

insects can use for their own defense (Thompson and Pellmyr, 1991). Given the importance 

ecologists ascribe to host plants for insects selecting oviposition sites, why a female would 

routinely lay eggs away from the host plant is puzzling, and is the subject of this study.  

Although off-host oviposition is rare in specialist herbivores, several abiotic and biotic 

factors could favor placing eggs away from the host plant. For example, evidence shows that 

some insect eggs have higher hatching rates in relatively humid environments, which can vary 

significantly even between parts of the same plant (Eickwort, 1971; JL Dickinson, personal 

communication). In addition, eggs can be subject to cannibalism by older conspecifics that are 

already feeding on the plant (Williams and Gilbert, 1981); in such cases, hiding the eggs off the 

host could lead to reduced cannibalism and increased hatching success. Heterospecific predators 

may also be more likely to find eggs placed on a host plant, either due to overlap in space, 

because habitat in the vicinity of the host plant is suitable and attractive to them (Wiklund and 

Friberg, 2008), or because, when the eggs are on the host plant, the plant renders the location of 

the egg clutch more predictable in space, which can lead egg predators to develop an olfactory or 

visual search image (Wiklund, 1984). To the extent that these factors affect hatching success, 

they may select for off-host oviposition. 

Hatching success and larval performance could both be driving the evolution of 

oviposition-site selection by the swamp milkweed leaf beetle, Labidomera clivicollis clivicollis. 
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While some phytophagous insects lay eggs on plants of poor food quality for their offspring, L. 

c. clivicollis go even further: Despite the specialized diet of their larvae, which only eat leaves of 

plants in the family Asclepiadaceae, 87% of wild clutches in New York state occur on plants in 

the vicinity of an Asclepias incarnata that are completely inedible to L. c. clivicollis hatchlings 

(Dickinson, 1992). Therefore, after eating their egg chorions (and perhaps cannibalizing any un-

hatched siblings) larvae must crawl from the site of their hatching through the leaf matrix and 

locate an A.incarnata in order to find their first plant meal. The newly-hatched larvae are poor 

walkers and their journey can be 50 body lengths or or more, so it is likely that many do not 

survive this journey. Weak powers of locomotion such as these are a foundation of the 

Preference-Performance Hypothesis, which predicts that phytophagous insects should place their 

eggs in locations that optimize access to food for their larvae (Rausher, 1979). Why do egg-

laying L. c. clivicollis adults not place their eggs directly on the host plant as most other 

specialist phytophagous insects do?  

In most phytophagous insects the environment that provides safety for eggs is not very 

different from that which provides access to essential resources for neonates. We hypothesized 

that predation costs would be higher for L. c. clivicollis eggs laid on the host than those laid on 

nonhosts. Predators of L. c. clivicollis eggs include slugs, Collembola, and several species of 

insects, the most ravenous of which could be cannibalistic older L. c. clivicollis larvae or adults 

(Dickinson, 1992). If these predators are more likely to eat eggs on Asclepias plants than on the 

surrounding vegetation, then egg-laying females could be selecting non-Asclepias plants in order 

to hide their eggs from would-be predators. Older L. c. clivicollis larvae should be more common 

on Asclepias plants because their leaves make up the bulk of their diet and they only eat plants of 

this genus. Similarly, slugs seem to favor Asclepias over other plants (personal observation). The 
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larvae and adults of ladybird beetles like Coleomegilla maculata could also be more common on 

Asclepias, perhaps because they are predators not only of L. c. clivicollis eggs but of their larvae 

as well.   

If L. c. clivicollis females avoid the risk of predation on Asclepias plants by placing their 

eggs on other plants, the larvae are likely to pay additional costs in traveling to the host.  To 

counter these costs larvae hatching off host may cannibalize more eggs from their natal clutch 

than larvae that hatch on the host plant. Within-clutch cannibalism is a common phenomenon 

among L. c. clivicollis clutches in New York (Dickinson, 1992). In general, benefits to cannibals 

increase when food is scarce, such that the benefits of cannibalism are more likely to outweigh 

the costs, such as the risk of contracting disease (Fox, 1975; Polis, 1981; Elgar and Crespi, 1992; 

Williams and Hernandez, 2006). This can even be true when cannibalizing a sibling means 

incurring a cost to an individual’s inclusive fitness (Eickwort, 1973; Pfennig, 1997). In species 

like L. c. clivicollis, whose larvae experience high daily mortality rates even with plentiful access 

to food (Eickwort, 1971), accelerating the development to the adult stage by two days is 

sufficient to render cannibalism of a full sibling adaptive (Eickwort, 1973). Together, these 

factors suggest that L. c. clivicollis larvae should be even more willing to incur an inclusive 

fitness cost when they hatch in a food-scarce environment. From the perspective of the victim, 

the cannibal, and its mother, increased within-clutch cannibalism could be a means of reducing 

the net cost of placing clutches on non-food plants; while fewer larvae would hatch, cannibalism 

could yield a net increase in the number of larvae making it to the host plant.   

We conducted an experiment to investigate the costs and benefits influencing oviposition 

site selection by a specialist herbivorous beetle, the swamp milkweed leaf beetle, L. c. clivicollis. 

If placing eggs on non-Asclepias plants is a maternal strategy to avoid predation by 
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heterospecifics and older conspecifics, then clutches off the host plant should have fewer eggs 

depredated before hatching than clutches on Asclepias plants. Additionally, if increased within-

clutch cannibalism is associated with placing eggs on non-host plants, then neonates that hatch 

on non-host plants should eat a greater proportion of the eggs in their clutch at the onset of 

hatching than do neonates that hatch on host Asclepias. This thesis presents the results of field 

experiments to test these two predictions. 

METHODS AND RESULTS 

Study Species	

Adult L. c. clivicollis emerge from diapause in the soil in the latter half of May, when 

their preferred host plant, Asclepias incarnata, a perennial herb of moist soils, begins growing 

shoots; mating pairs can be found in the last week of May (Eickwort, 1971). Soon after mating 

begins, females lay egg clutches of 12.7 ±	0.7 eggs on the leaves of many species of small, 

mostly herbaceous plants (henceforth “non-host plants”) within 0.5 meters of an A. incarnata 

stem, or on the leaves of A. incarnata themselves (Dickinson, 1992).  In the laboratory, humidity 

affects the eggs’	latency to hatching and hatching success; 93 - 97% relative humidity (RH) 

yields the shortest latency to hatching of 7.1 days, while 76 - 100% RH yields the greatest 

hatching success of 80 - 83% (Eickwort, 1971). Before eggs hatch, any of many species of 

predators or older larvae/adults of L. c. clivicollis may eat them (Dickinson, 1992). Upon 

hatching, larvae usually remain on their natal leaf for about 24 hours, during which they often eat 

their chorions and may also eat viable or unviable intact eggs from their clutch (Eickwort, 1971). 

This will be their only food until they find an Asclepias spp. plant (Eickwort, 1971). Aside from 

their chorions and L. c. clivicollis eggs, larvae and adults in New York eat only plants of the 

genus Asclepias (Eickwort, 1971) and most L. c. clivicollis use A. incarnata as their host plant 
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(Eickwort, 1971). Approximately 24 hours after hatching, L. c. clivicollis larvae crawl through 

the matrix of small herbs to find a host plant (Eickwort, 1971). Presumably some starve before 

they find it. Once a larva reaches its host it will feed on its leaves and also on L. c. clivicollis 

eggs (Eickwort, 1971).   

Part 1: Descriptive data used to inform the experiment 

Methods 

The design for our experiment in 2013 was informed by data collected from 28 May to 29 

July, 1985 in a 129m2 patch of swamp milkweed, A. incarnata, comprising 238 stems next to a 

farm pond on Petrie Road near the Cornell Biological field station in Bridgeport, New York.  

We conducted the observational study measuring predation, hatching success, and 

prevalence of cannibalism among egg clutches laid naturally on A. incarnata (n = 10 clutches) 

and non-host plants (n = 77 clutches) (Dickinson 1992). Each A. incarnata plant and all other 

plants within a 0.5 m radius were searched for egg clutches every day; the location of each egg 

clutch was recorded and each was marked with a 2 x 2 cm piece of orange flagging tape. We 

recorded two non-mutually exclusive parameters of the arrangement of each egg clutch: 

compactness (whether they were loose or tight) and regularity (whether they were arranged in 

easily recognizable nested sets of “V”s–the “herringbone”	pattern described by Eickwort (1971)–

or scattered) (Figure 1; Dickinson, 1992). Each egg clutch was monitored daily to record the 

number of whole eggs present, the number of partly consumed eggs, and the number of recently 

hatched larvae. If, before the first larva hatched, an egg disappeared between observations, or if a 

partly eaten egg replaced it between observations, we assumed a predator had eaten it. If an egg 

disappeared and a newly hatched larva appeared, we assumed the larva hatched out of the absent 

egg. Before any larvae hatched, potential predators included heterospecific insects, slugs  
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Figure 1. Clutches in nature vary both in how densely they are arranged and in how 
systematically they are arranged. Clutches are “Loose” if fewer than 49% or fewer of the eggs 
are touching at least one other egg and “Tight” if 50% or more are touching another egg. 
Clutches are Herringbone if the eggs form a clearly recognizable series of nested V’s. Clutches 
are “Scattered” if they are not. 
 
(Deroceras sp.), Collembola, and older L. c. clivicollis larvae, which may or may not have been 

siblings of the focal clutch. Because we rarely witnessed attacks we usually could not distinguish 

between these predators. For this reason and to distinguish older larvae and heterospecific 

predators from within-clutch cannibals we refer to them here, in aggregate, as “extra-clutch 

predators”.  

When eggs disappeared after others within the same clutch had hatched it was uncertain 

as to whether an extra-clutch predator or a young larva from the same clutch had eaten it. Of the 

eggs that disappeared during this time interval we estimated numbers of eggs eaten by extra-

clutch predators and sibling cannibals in the following manner: We estimated the number eaten 

by extra-clutch predators by multiplying the daily risk of predation for that clutch until the onset 

of hatching by the number of eggs depredated after the onset of hatching. We estimated the 

number of eggs cannibalized by siblings by subtracting the estimated number of eggs eaten by 
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extra-clutch predators from the total number of eggs that disappeared after the onset of hatching. 

We used this estimation for 16 of the 87 (18.4%) clutches we observed in 1985. 

Results 

The mean size of egg clutches laid by free-living wild L. c. clivicollis in 1985 was 12.7 ±	

0.7 eggs (N = 83). Of a total of 92 clutches monitored, approximately 63%, including both 

herringbone and scattered clutches, were arranged tightly; approximately 34% of clutches were 

arranged loosely; the dispersion of the remaining 3% was not recorded (Figure 2). Of the same 

clutches, approximately 40% were in the herringbone pattern, 42% were scattered, and 17% were 

arranged in less tidy, harder to recognize V’s (“semi-herringbone”) (Figure 3). 

 

			

Figure 2. The percent of all clutches (N = 92) organized in tight or Loose arrangements in 
Madison County, New York in 1985 
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Figure 3. The percent of all clutches (N = 92) organized in Heringbone, Semi-herringbone, or 
Scattered arrangements in Madison County, New York in 1985 
 
Part 2: Predation and within-clutch cannibalism on-off the host 

Methods 

We conducted the experiment using populations of A. incarnata and L. c. clivicollis 

growing naturally at the Cornell Experimental Ponds in Ithaca, New York (42°30’14.1”N 

76°27’52.1”W). The study site was a 2000 m2 mesic field on an approximately 12-meter wide 

peninsula extending into one of the ponds. The elevation of the site was approximately 1,105 

feet. 

To determine whether female L. c. clivicollis place their eggs on non-host plants to hide 

them from predators, or whether doing so has consequences for the incidence of within-clutch 

cannibalism, we compared predation, cannibalism, and hatching success of experimental eggs 

placed on host and non-host plants. 	
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To start, we collected 19 already-mated L. c. clivicollis females from an old mesic field 

on Freese Road, the Cornell Ponds on Warren Drive, the Cornell Lab of Ornithology on 

Sapsucker Woods Road, in Ithaca, New York and Jennings Pond in Danby, New York in June 

2013. We maintained these beetles singly in 9x2 cm petri dishes with moist cotton balls and 

single leaves of A. incarnata collected from a patch of plants on the Cornell University Campus 

near Beebe Lake. Leaves and cotton were replaced daily; petri dishes were cleaned every other 

day; and light was maintained at a 16L:8D cycle. In order to have eggs of known age for the 

experiment we checked the A. incarnata leaves and the interior surfaces of the petri dishes 

during daily maintenance and collected eggs as they became available. Upon discovering a 

clutch of 15 or more eggs we moved the beetle to a clean petri dish, randomly selected 15 of the 

eggs to use in the trial, and brought the eggs in the petri dish to the site of the trial.	

Rationale for experimental clutch size and arrangement	

We chose to use experimental clutches of 15 eggs because this was within 1.96 standard 

errors of the mean size of natural clutches (12.7 ±	0.7 eggs, N = 83) and a previous experiment 

with clutch sizes of 11 eggs resulted in most clutches being completely depredated such that the 

experiment was uninformative (Dickinson, 1992; Blessing, unpublished data). 	

On leaves of both host and non-host plants we arranged experimental clutches in two 

parallel, touching rows of eggs because this was the typical arrangement of egg clutches in the 

field (Figure 1, Figure 2, Figure 3). This also helped to reduce potential variation in cannibalism 

rates due to egg-laying pattern. 

Once at the site of the experiment we transferred the eggs from the petri dish to the 

underside of the appropriate leaf with a small artist’s paintbrush. Paired clutches from the same 

females were associated with A. incarnata plants that were approximately one meter apart to 
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minimize variation in environment within paired samples. Other females provided the eggs for 

one or two pairs of clutches. There were exceptions to this: the mothers of four clutches, two on-

host and two off-host, did not produce more than one egg clutch of 15 or more eggs and did not 

have paired clutches. These four clutches and the clutch pairs were separated from each other by 

at least 10 meters. To have clutches of 15 eggs from the same females, most paired clutches were 

placed in the field on different days. We alternated placing a pair’s first clutch on an A. incarnata 

plant with placing the first clutch on a non-host plant. 	

Non-host plants were always Cornus sericea, Carex sp. or Phleum pratense. Clutches on 

A. incarnata (n = 23) were placed directly on the underside of a leaf in the second from the 

lowest pair of leaves, so the height of the clutch varied with the height of these leaves. A. 

incarnata plants tend to lose their bottom leaves with age, such that placing eggs on the lowest 

leaves would mean that the eggs and leaf would drop from the plant before hatching (Dickinson, 

unpublished data; Blessing, personal observation). We placed all the clutches in the non-A. 

incarnata treatment (n = 23) on the underside of leaves 15 ±	5 cm above the ground. 	

The placement of the eggs on the host or non-host leaves marked the beginning of the 

trial. Starting the day after the eggs were placed in the field we observed them once per day to be 

able to identify the hatch day. We visited each egg clutch once per day between the hours of 

1400 and 2000, and recorded the number of eggs, the number of larvae, the instar of the larvae, 

and the presence of any possible predators. We stopped visiting plants when there were no viable 

whole eggs remaining. We inferred hatching and depredation by extra-clutch predators and 

within-clutch cannibals in the same manner as that of the 1985 observational study. We 

estimated the number of eggs eaten by within-clutch larvae and extra-clutch predators in 16 out 

of the 46 (34.7%) clutches we examined in 2013.  
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Observations took place between 19 July and 13 August 2013. This was a reasonable 

time to simulate the natural experience of L. c. clivicollis eggs at this field site because we 

observed larvae at the site at the start of the experiment and second instar larvae as late as 12 

August, the day before our last observation of the experiment. We also observed female L. c. 

clivicollis that appeared to be gravid as late as 13 August, the last day of the experiment.	

We employed generalized linear mixed-effect models (GLMM, binomial distribution) to 

test the effects of egg location (on or off the host plant) on whether a clutch was discovered, 

whether a clutch was entirely depredated, and whether a clutch experienced any within-clutch 

cannibalism. We employed linear mixed-effect models (LMM , Gaussian distribution) to test the 

effects of egg location on the number of eggs depredated, the number of eggs hatched, the 

number of eggs cannibalized by siblings (all replicates), and the proportion of eggs remaining at 

the onset of hatching that were cannibalized by larvae from the same clutch. For each of the three 

analyses, one model included all replicates and the other included only those in which at least 

one egg hatched. Both the GLMMs and the LMMs included the date a trial started as a fixed 

effect and the identity of the mother of the clutch as a random effect.  	

We ran all analyses in R Studio for Mac (Version 0.99.484).	

Results	

Although predators were only occasionally identified, they included heterospecific 

predators (larvae and adults of a ladybird, Coleomegilla maculata (Coccinellidae), and slugs 

(Deroceras sp.) as well as older L. c. clivicollis larvae.  In some instances, where we sought to 

consider both clutch location (on or off the host plant) and lay date as explanatory variables, we 

were only able to analyze clutch location due to non-convergence of the more inclusive model 

(Table 1, footnote). We first asked whether eggs were more likely to be discovered on than off 
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the host plant, as predicted by the hypothesis that laying off the host is a way of hiding eggs from 

predators. In a model that included individual host plant as a random factor, extra-clutch 

predators discovered significantly more clutches on host plants than off host plants (Table 1).  

Along the same lines, we then examined the frequency of complete predation of clutches by 

heterospecific predators and older cannibals.  Extra-clutch predators ate more clutches in their 

entirety on than off host plants (Table 1).  Examining only discovered clutches, we examined the 

number of eggs eaten when at least one egg was eaten in a clutch.  In this model both the model 

with and without start date converged. More eggs were eaten on than off the host plant in both 

models, although the best-supported model was the one that did not include start date (Table 1). 	

What were the consequences of lower discovery rates for overall hatching success?  First, 

when we included all clutches, including those with no predation (i.e. those not “discovered”), 

we found that more eggs were depredated on than off the host plant (Table 1). Although there 

was a positive association between the start date and the number of eggs depredated, the result 

was on the margin of what is commonly accepted as significant (p = 0.06). Finally, egg clutches 

on non-host plants hatched significantly more eggs than clutches on host plants (Table 1). 

However, this difference was not significant when we excluded clutches in which zero eggs 

hatched (Table 1). 
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Table 1.  Results of GLMM analyses for different response variables in experiments 
conducted in 2013, excluding those with response variables related to cannibalism. In the 
“Model: Dependent Variable” column the first digit in each cell indicates the group of models 
corresponding to a single response variable and subset of the data. The second digit, if there 
is one, indicates the version of that model with the same response variables but different 
fixed effects. Note – only results for the best supported model with dAICc < 2 are reported. 
 
Model: Dependent Variable Response Variable Effect Size z p-value 

1: Eggs laid on/off host (0/1)	 Clutch discovered (yes/no)*	 1.95 ±	0.92	 2.1	 0.035	

2: Eggs laid on/off host (0/1)	 Clutch entirely depredated  

(yes/no)*	

1.50 ±	0.73	 2.1	 0.040	

3.1: Eggs laid on/off host (0/1);  

≥	1 egg depredated	

Number of eggs depredated  

by extra-clutch predators	

4.01 ±	1.81	 2.2	 0.034	

3.1: Date clutch was placed on 

plant; ≥	1 egg depredated	

Number of eggs depredated  

by extra-clutch predators  	

0.38 ±	0.20	 2.0	 0.059	

3.2: Eggs laid on/off host (0/1);  

≥	1 egg depredated	

Number of eggs depredated  

by extra-clutch predators	

4.57 ±	1.86	 2.5	 0.019	

4.1: Eggs placed on/off host  

(0/1); all replicates	

Number of eggs depredated  

by extra-clutch predators	

5.38 ±	1.71	 3.2	 0.003	

 
* Model that included start date did not converge   
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Table 1. (Continued) 
 

Model: Dependent Variable Response Variable Effect Size z p-value 

5: Eggs placed on/off host (0/1); 

 ≥1 eggs hatched	

Number of eggs hatched	 -2.00 ±	1.45	 -1.4	 0.181	

6: Eggs placed on/off host (0/1);  

all replicates	

Number of eggs hatched	 -3.11 ±	1.31	 -2.4	 0.024	
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We also asked whether clutches on or off the host plant experienced different levels of 

within-clutch cannibalism as would be the case if within-clutch cannibalism is a compensatory 

mechanism to increase growth rate and survival of larvae hatching off the host. In our 

experiment 25 out of 46 experimental clutches experienced at least some within-clutch 

cannibalism. We first asked whether clutches off the host plant were more likely to have any 

within-clutch cannibalism. A model that included the identity of the beetle mother as a random 

effect found no difference in cannibalism (some versus none) on- and off the host plant (Table 

2). We next asked whether there was a difference between the number off eggs consumed by 

within-clutch cannibals; there was none (Table 2). Model selection indicated that the model that 

included only clutch location (on or off host plant) was best supported (dAIC = 0.0). Finally, 

because it was possible that predation by heterospecific predators and older L. c. clivicollis larvae 

influenced the number of eggs susceptible to potential within-clutch cannibals, we also asked 

whether the within-clutch larvae cannibalized a different proportion of eggs remaining at the 

onset of hatching. On- and off-host cannibalism did not differ in this respect either (Table 2). 

Among the models that examined within-clutch cannibalism, the versions that excluded start date 

as a covariate were always better supported than those that included it.  

  



	 16	

Table 2. Results of GLMM analyses involving response variables related to within-clutch 
cannibalism in experiments conducted in 2013. All analyses are included. As in Table 1, the first 
digit in the “Model: Dependent Variable” column indicates a group of models; the second, if 
there is one, indicates a version within that group. 
 
Model: Dependent 
Variable 

Response Variable Effect Size z p-value 

8: Eggs placed on/off  

host (0/1); all replicates	

Number of eggs  

cannibalized by siblings 

-1.30 ±	0.85	 -1.5	 0.136	

9.1: Eggs placed on/off  

host (0/1); all replicates	

Any cannibalism (yes/no)	 -0.22 ±	0.1	 -1.47	 0.144	

9.1: Date clutch was  

placed on plant; all 

replicates	

Any cannibalism (yes/no)	 0.01 ±	0.0	 0.35	 0.729	

9.2: Eggs placed on/off  

host (0/1); all replicates	

Any cannibalism (yes/no)	 -0.22 ±	0.15	 -1.5	 0.145	

10.1: Eggs placed on/off 

host (0/1); all replicates	

Number of eggs  

cannibalized by  

within-clutch siblings	

-1.36 ±	0.85	 -1.6	 0.116	

10.2: Date clutch was  

placed on plant; all 

replicates	

Number of eggs  

cannibalized by  

within-clutch siblings	

0.18 ±	0.09	 1.3	 0.217	
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Table 2. (Continued) 

Model: Dependent 
Variable 

Response Variable Effect Size z p-value 

10.3: Eggs placed on/off 

host (0/1); all replicates	

Number of eggs  

cannibalized by  

within-clutch siblings	

-1.30 ±	0.85	 -1.5	 0.136	

11.1: Eggs placed on/off 

host (0/1); ≥1 eggs  

hatched 

Proportion of eggs  

remaining at onset of  

hatching that are  

cannibalized by  

within-clutch siblings 

0.08 ±	0.09	 0.9	 0.353	

11.1: Start date; ≥1 eggs 

hatched	

Proportion of eggs  

remaining at onset of  

hatching that are  

cannibalized by  

within-clutch siblings	

0.01 ±	0.01	 0.8	 0.413	

11.2: Eggs placed on/off 

host (0/1); ≥1 eggs  

hatched	

Proportion of eggs  

remaining at onset of  

hatching that are  

cannibalized by  

within-clutch siblings	

0.07 ±	0.09	 0.8	 0.415	
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DISCUSSION 

Predation on versus off the host plant 

The greater number of eggs hatching for clutches that were placed on non-host plants 

indicates that laying off the host is a maternal strategy to reduce egg mortality. This benefit could 

outweigh potential costs to larvae of hatching on non-host plants. That predators discovered 

more clutches on host plants than off host plants suggests that the difference in hatching success 

could be due to differences in predation by heterospecific predators and by extra-clutch L. c. 

clivicollis larvae. Clutches in the two locations might have been discovered at similar rates while 

still suffering different amounts of egg mortality, but this would only be true if the predators in 

the two habitats had different satiation thresholds. Instead, the greater predation cost that L. c. 

clivicollis egg clutches incur on host plants is partly due to a greater risk of being found in the 

first place, which we measured as the likelihood that at least one egg was eaten. Upon 

discovering an egg clutch, egg predators that attacked clutches on host plants ate more eggs than 

predators that attacked clutches on non-host plants. In addition to being discovered less often, 

once predators discovered egg clutches off host plants, they ate fewer eggs prior to hatching from 

the clutches than they consumed for eggs laid on the host plant. In other words, the costs of being 

discovered were greater for clutches on host plants. Given that more eggs were depredated on the 

host than off overall, placing eggs on non-host plants appears to be a maternal strategy to 

decrease the risk of predation.   

Why were egg clutches on host plants discovered more often than egg clutches on non-

host plants? The most likely answer is that predators are more abundant on A. incarnata than on 

non-host plants. Cannibalistic older L. c. clivicollis larvae could be the most important predators 

(Dickinson 1992). We would expect them to be more abundant on A. incarnata plants than on 
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non-host plants, given that milkweed is their primary food source. Alternatively, heterospecific 

predators could be more abundant on the A. incarnata plants due to the presence of prey other 

than L. c. clivicollis eggs. For example, lacewings Chrysoperla rufilabris, seeking aphids on 

potato plants feed opportunistically on pupating ladybird beetles, Coleomegilla maculata lengi, 

which then seek refuge from the intra-guild predators by choosing pupation sites away from the 

plant (Lucas et al., 2000). The same phenomenon could occur with L. c. clivicollis, as A. 

incarnata is a host to aphids that are eaten by ladybird beetles, C. maculata, which eat L. c. 

clivicollis eggs (Dickinson, 1992; Blessing, personal observation). Regardless of the identity of 

the predators, they may consume eggs opportunistically in the manner of rodents consuming 

relatively scarce bird eggs in northeastern forests; eggs are a windfall when the rodents encounter 

them, but encounters are rare enough that the rodents do not actively forage for nests (Schmidt et 

al., 2001). In keeping with this model we have never seen evidence that extra-clutch L. c. 

clivicollis leave A. incarnata in search of eggs. 

While discovery partly explains overall differences in the number of eggs depredated on 

and off the host plant, it does not fully explain why, among only the clutches that predators 

discovered, more eggs were eaten from the on-host clutches. After discovering a clutch, 

individual predators eating eggs on non-host plants may have become satiated more quickly than 

their counterparts eating eggs on host plants. Older L. c. clivicollis larvae, which probably eat 

conspecific eggs primarily from clutches on host plants, can be many times larger than some of 

the other predators in this habitat like the ladybird beetle C. maculata (Eickwort 1971; Tian, et 

al., 2012). On the other hand, if predators of any kind are more abundant on host plants than on 

non-host plants, then clutches will be discovered sooner and more frequently on host plants and 

predators will have more time to eat the eggs before they hatch. 
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These results are consistent with a small but growing number of studies also showing that 

a phytophagous insect’s preferred oviposition site reduces the risk of egg predation. Wiklund 

(1984), Gompert et al. (2006), and De-Silva et al. (2011) all came to this conclusion in studies of 

butterflies that lay their eggs at locations other than the eventual food plant for the larvae in the 

same manner as L. c. clivicollis. Even more interestingly, Rodrigues and Freitas (2013) found 

that a moth, Parrhasius polibetes, preferred one of two viable host plants as an oviposition site, 

choosing the host that offered its eggs less risk of parasitism. Importantly, they did so at the 

expense of greater adult body size, attainable by development of the larvae on the alternative, 

unfavored host plant (Rodrigues and Freitas, 2013). Together, these studies suggest that hatching 

success can be a more important driver of egg placement among phytophagous insects than has 

been appreciated in the past. 

At the same time, other recent studies have found that variation in egg placement has no 

consequences for hatching success. Studying Japanese fritillary butterflies, Argyreus hyperbius 

and Argynnis paphia, Shibata and Imafuku (2010) found no effect of egg placement on hatching 

success. Potter et al. (2012) found that Manduca sexta laid eggs on a plant’s older leaves, where 

the eggs were more likely to be found by predators but where larvae grew larger and faster. In 

this case the costs and benefits of the two types of oviposition sites cancelled each other. In 

contrast, Ganehiarachchi et al. (2013), found that the preferred oviposition site of a gall midge, 

Mayetiola destructor, the youngest leaf of a wheat plant, facilitated the hatched larva’s hunting 

for reactive leaf cells with which to stimulate the growth of a gall. This preference, however, had 

no effect on the survival of the egg. 

The behavior of other insects could potentially be explained by fitness effects on eggs, 

but the necessary manipulations have not been performed. Adults and larvae of the noctuid 
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moths P. saucia and C. decolora both preferred host plants that did not optimize larval growth 

(Jiménez et al., 2014). The fall armyworm, S. frugiperda, presents an intriguing example because 

larvae developing on domestic corn, Zea mays ssp. mays, grew faster and escaped predators that 

were more common on corn’s wild forebear, Balsas teosinte, Zea mays ssp. parviglumis, but egg-

laying adults showed no preference for one oviposition site over the other (Bernal et al., 2015). 

Taken together, these studies indicate that both top-down and bottom-up selection 

pressures can act on any life stage to drive the evolution of oviposition site selection. It has been 

known for a long time that bottom-up forces were important for larvae of phytophagous insects 

(Rausher, 1979) and now we are gathering more evidence that top-down forces can be important 

for both their eggs (e.g. a tropical nymphalid butterfly, Oleria onega, De-Silva, 2011) and larva 

(e.g. a papilionid butterfly, Papilio machaon aliaska, Murphy, 2004). It is likely that different 

taxa experience these pressures in different ratios. What is lacking is an abundance of studies that 

measure fitness consequences of oviposition site selection for multiple life stages of the same 

species. 

Within-clutch cannibalism on versus off the host plant 

None of our measures indicate differences in within-clutch cannibalism on versus off the 

host plants, indicating that females and their offspring are at no greater risk of cannibalism off 

than on the host. This contradicts the general trend among cannibalistic taxa, including 

phytophagous insects, many of which have been shown to be more cannibalistic in environments 

with less abundant alternative food (Fox, 1975; Richardson et al., 2010). For instance, drawing 

on kin selection theory to investigate sibling cannibalism in ladybird beetles, Harmonia axyridis, 

Osawa (1992) showed that cannibalism carried a net benefit when alternative food was scarce 

but a net cost when food was plentiful, so we might have expected smaller proportions of L. c. 
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clivicollis clutches to be cannibalized on host plants (food-rich environments) relative to those on 

non-host plants (food-poor environments). However, for L. c. clivicollis it may not be surprising 

to find similar frequencies of within-clutch cannibalism in both environments because the 

benefits of cannibalism are great in both locations and because synchrony offers neonates limited 

opportunities to cannibalize. Eickwort (1973) showed that for any L. c. clivicollis neonate, given 

the daily risk of mortality for this species in any natural context, it is adaptive for a neonate to 

consume a full sibling egg if doing so would speed its development time to adulthood by as little 

as two days. Furthermore, for a species in which cannibalism is mostly restricted to larvae eating 

eggs, neonates’ opportunities to cannibalize are limited by the time between their own hatching 

and the hatching of their sibling eggs. Time could be scarce enough that changes in opportunities 

to cannibalize are impossible without help from the egg-laying female.  

 Despite our results, it is possible that the frequency of within-clutch cannibalism changes 

according to the location of the egg clutch in natural contexts if it is under the control of the egg-

laying female L. c. clivicollis. Ladybird beetles, H. axyridis, adjust the number of unfertilized 

eggs in a clutch to match the abundance of food in the environment (Perry and Roitberg, 2005) 

and lacewings, Chrysoperla rufilabris, do this by adjusting the synchrony with which eggs hatch, 

such that larvae hatching in food-poor areas have more opportunities to cannibalize an egg 

before the entire clutch hatches (Frechette and Coderre, 2000). L. c. clivicollis, for that matter, 

exhibit correlations that suggest other mechanisms for manipulating within-clutch cannibalism: 

both clutch size (Dickinson, 1992) and, in the subspecies L. c. rogersii, clutch density are 

correlated with cannibalism (Dickinson, 1992). Thus it could be that we did not observe a true 

difference in proportions of within-clutch cannibalism because we controlled relevant parameters 
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of the egg-laying behavior in our experiment. Either of these mechanisms would be newly-

discovered ways for mothers to provide their young with nutrients. 

Conclusion 

We determined that for L. c. clivicollis laying eggs on non-host plants is a maternal 

strategy to increase hatching success by avoiding more intense predation pressure for their eggs 

on host plants. Additionally, we found no evidence of mothers and offspring incurring the cost of 

greater within-clutch cannibalism for clutches placed on host plants. The egg-laying preferences 

of L. c. clivicollis represent a compromise between different optimal habitats for eggs and larvae. 

Its life history in general and our findings in particular help generalize the theory that multiple 

fitness effects, weighed by both bottom-up and top-down influences, can drive the evolution of 

oviposition site selection for phytophagous insects and other organisms. This combined with the 

difficulty of predicting which fitness factors are at play in a given system indicate the importance 

of future studies that will test all possible fitness effects.  
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