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Abstract Discerning the intricacies of mating systems in butterflies can be difficult, 

particularly when multiple mating strategies are employed and are cryptic and not 

exclusive. We observed the behavior and habitat use of 113 male Taylor's 

checkerspot butterflies (Euphydryas edith a taylori). We confinned that two distinct 

mating strategies were exhibited; patrolling and perching. These strategies varied 

temporally in relation to the protandrous mating system employed. Among perching 

males, we recorded high site fidelity and aggressive defense of small «5 m2) 

territories. This telTitoriality was not clearly a function of classic or non-classic 

resource defense (i.e., host plants or landscape), but rather appeared to constitute 

guarding of female pupae (virgin females). This discrete behavior is previously 

undocumented for this species and has rarely been observed in butterflies. 

Keywords Euphydryas editha taylori . mating systems · pre-copulatory mate 

guarding· protandry· sexual selection 

Introduction 

Inn'asexual selection is the most conunonly observed and well-documented sexual 

selection process exhibited by butterfly species (Andersson 1994; Rutowski 1997; 

Wiklund 2003). Competition between males for sexually receptive females has led to 

the evolution of a large variety of mating systems in this taxon (Rutowski 1991). 

Among these mating systems, mate acquisition strategies, such as mate locating, 
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resource defense, and mate guarding, have been identified (Rutowski 1984; Wiklund 

2003). However, in many instances there is no clear distinction between various 

strategies. Nor are they exclusive, as more than one can be subsumed within a 

mating system (Ide 2004; Bergman and Wiklund 2009; Takeuchi 2010). Butterfly 

mating systems are often plastic and dependent upon a variety of ecological 

variables, such as temperature and landscape composition (Merckx and van Dyck 

2005; Ide 2010; Tiple et al. 2010). Therefore, discerning the structure of a mating 

system can be challenging. Despite the fact that mating systems are multifarious and 

complex, efforts have been made to identify the principal ecological correlates that 

shape butterfly mating systems (Dennis and Shreeve 1988). T he mate locating 

strategies employed by males are correlated with the availability of 'receptive' 

females (Rutowski 1991). W hen receptive females are widely distributed over a 

large area, males tend to seek females actively (Magnus 1963; Scott 1974). 

Generally, this involves males constantly in flight in the search of females. For 

example, they may be seen 1) flying long distances across relatively extensive areas 

(Campbell et al. 2007), 2) patrolling a local area or series of habitat patches, or 3) 

concentrating their efforts on specific (potentially small) areas with resources (such 

as patches of host plants). Males may also employ a strategy known as 'hilltopping' 

or lekking (Prieto and Dahners 2009). Hilltopping involves males congregating in 

areas with few or no classic resources (i.e. consumer resources, such as host or 

nectaring plants). T hese congregations are associated with specific landscape 

features, such as hill-tops and ridges (which represent non-classic or utility 

resources). Receptive females visit such areas only to mate (Wicknlan and Jansson 

1997; Jiggins 2002; Chaves et al. 2006). 

W hen receptive female densities exceed those of males, males tend to adopt less 

active strategies, such as 'waiting' or perching with the intent to intercept receptive 

females as they approach (Jones et al. 1998; Fischer and Fiedler 2001). Males perching 

on or near to key resources waiting for females to approach, whether it be a host plant, 

patch of nectar flowers, or sunspot, can readily be observed establishing and defending 

territories from other males (Lederhouse et al. 1992; Takeuchi and Imafuku 2005). 

Mate guarding represents a non-classic resource-based perching strategy in which 

the resource being defended is the female (Deinert 2003). Pre-copulatory behaviors, 

such as pupal or immature female mate guarding, are not uncommon among 

inveliebrates (Johansson et al. 2009; Parker and \ahed 2010; Takeshita and Henmi 

2010) but have rarely been observed among butterflies (Deinert 2003; Sourakov 

2008; Estrada et al. 2010). These behaviors involve males seeking out female pupae 

and guarding them from other males. Without actually observing males on or in very 

close proximity to immature females, mate guarding is difficult to identify. T his is 

especially true for butterfly species that have cryptic or concealed pupae, such as the 

Taylor's checkerspot (Euphydlyas editha taylori). 

T he Taylor's checkerspot is a candidate for listing under the U.S. Endangered 

Species Act and a species of concern in Washington State (\aughn and Black 2002; 

Stinson 2005). This Pacific Northwest subspecies of the Edith's checkerspot 

(Euphydryas editha) is restricted to a handful of small isolated prairie habitats in 

Oregon, Washington and British Columbia (Stinson 2005; Ross 2009). To manage 

these remnant populations successfully, a thorough understanding of all aspects of 

the butterfly's ecology is required. To date, few studies have been undertaken to 
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explore the mating system of this sub-species. T hough all populations of Edith's 

checkers pot appear to exhibit I: I sex ratios, that males usually emerge 2 weeks prior 

to the females' eclosing (as a fonn of protandry), and that males exhibit both mate 

patrolling and mate intercept perching (Brussard et al. 1973; Scott 1986; Boggs and 

Nieminen 2004). 

In 2010 we conducted a series of detailed behavioral surveys that explored the 

mating system of Taylors's checkerspot butterfly populations at sites in Oregon and 

Washington, USA. In these surveys, we were able to visibly distinguish both 

patrolling and perching behaviors among males. Males primarily exhibited perching 

behaviors in the 2 weeks prior to females emerging, thus when no receptive females 

were apparently available. Further observations of a subset of individuals indicated 

that perching was likely a fOlm of pre-copulatory mate guarding, however the 

prevalence of this behavior in the population was unknown. Under the hypothesis 

that Taylor's checkerspots at our study sites mate guard, we would expect: (1) agonistic 

territorial behaviors that cannot be readily explained by defense of any classic or other 

non-classic resources, (2) high site fidelity, 3) the presence of teneral females on 

territories, and 4) cessation of territorial defense on conclusion of copulation. 

Material and Methods 

Study Site 

We conducted surveys at two sites within Fitton Green Natural Area (FGNA) in 

Benton County, Oregon, USA and three sites located within the Olympic National 

Forest (ONF) in Washington (Bear Mountain, Upper Dungeness and 3 O'Clock 

Ridge). Topographically, FGNA and ONF appear diverse. FGNA represents an area 

of relatively low elevation (300 m) within a former Douglas-fir (Pseudotsuga 

menziesii) managed forest containing a meadow system that provided habitat for the 

Taylor's checkerspot butterfly. We surveyed the two meadows with the highest 

concentrations of Taylor's checkerspots. Both sites comprise small short�grass meadows 

almost entirely surrounded by Douglas-fir trees (Ross 2009). Site 1, the larger of the 

two meadows, is about 7,200 m2 with a southwest facing aspect (see Fig. 1), whereas 

Site 2 is about 2,770 m2 on a gentle south-facing slope. In comparison, the ONF sites 

represent high- elevation (900 m) rocky, shallow-soiled openings in forests clear-cut 

logged in the 1960s (Olympic National Forest records; see Fig. 2). ONF sites are much 

larger than the FGNA sites, ranging from 16,000 nl to 32,400 m2. All ONF sites 

occur on very steep rocky, southwest to southeast facing slopes. Consequently, a high 

proportion of each site's composition is bare ground, exposed rock, and tree stumps. 

T he fact that the two sets of sites encompassed a large range of variation in size, 

elevation, and vegetation types allowed us to explore whether the mating strategies 

exhibited by males were restricted to landscapes with particular charactelistics. 

Field Study 

We conducted observational tracking surveys to collect detailed infonnation on the 

mating behavior of males, including territorial behavior and habitat use in relation to 
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Fig. 1 Photograph of site I in Fitton Green natural area. Picture taken by Shalynn Pack 

Fig. 2 Photograph of Bear Mountain in Olympic national forest 
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resource availability across the survey sites. At the FGNA sites, surveys took place 

between April 10th and May 8th 2010 during the adult flight period, whereas ONF 

adults emerged around May 6th and were surveyed until June 14th 2010. From a 

distance that did not apparently disturb the butterfly's behavior (>3 m), we selected 

an individual and made continuous observations using a Brunton single macro-lens 

spotting scope. To identify the characteristics that defined different mating strategies, 

we mapped the movement of individuals onto site-specific high-resolution aerial 

photographs. For each individual tracked, we plotted flight paths detailing 

movement patterns, extents and turning angles, along with all stationary locations, 

including basking, nectaring, and mating sites. We tracked an individual for as long 

as it remained in sight or until it displayed repetitive patterns of space use. For 

example, we ceased to follow an individual once it returned to the same structure 

three times. Using digital voice recorders, we detailed all observed activities such as 

basking, nectaring, in flight, and interactions with conspecifics and heterospecifics, 

along with the duration of each activity. We transferred all the individual flight paths 

collected onto a projected aerial photograph of each site in ArcGIS (ESRI, Redlands 

CA). Attribute tables associated with each butterfly flight path were populated with 

details of behavior and durations at each recorded position. 

To determine site fidelity, we marked 76 and 60 butterflies over the survey period 

at FGNA sites I and 2 respectively. We tracked marked individuals as a priority 

(>24 h post marking) and these individuals were only followed once during the 

survey season. By marking individuals with a unique alpha-numeric code, we were 

able to monitor site usage and fidelity of individual butterflies over a longer 

timeframe. At the beginning of every survey day we recorded the presence and 

positions of all marked individuals still on a site. In addition, by marking all adults 

within the first week of the flight period we were able to confirm that individual 

turnover at the sites was high. Based on this initial information, we conducted 

observational tracking surveys once a week thereafter, and selected individuals from 

different locations across each site within a survey day. This minimized the 

likelihood of following individuals more than once. We also employed this protocol 

at the ONF sites. 

In addition, to aid tracking surveys, we placed 38-cm tall metal pin flags in a 5 by 

5 m cell grid covering an area of 40 m by 20 m at each FGNA site. To determine if 

mating strategies were correlated with the presence of classic resources, we used the 

grid to collect vegetation abundance data. Of the 32 cells at each site, 16 cells were 

randomly selected and within each of these a comer was randomly chosen. From this 

comer, we sampled a 2 m by 2 m quadrat recording the presence of host and nectar 

plant species. We used logistic regression in SAS (PROC LOGISTIC; SAS 1988) to 

assess whether the distribution of perching behaviors exhibited by the Taylor's 

checkerspot butterfly across our study sites was associated with the presence of their 

host or nectar plants (as the categorical predictor variables). We also recorded 

weather conditions across the sites. We used a luxmeter and a Kestrel 3000 pocket 

weather meter to collect light levels (candles) temperature (0C) and wind speeds 

(km/hr) at both FGNA and ONF sites, and temperature data logging stations to 

collect fine-scale temperature readings at FGNA sites. Each station contains three 

thennochron temperature DS 1921 G lbuttons; one at ground level, one 1 m from the 

ground and one 2 m above ground. All lbuttons were set to record temperatures at 
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I-min intervals. Six stations were placed out at Site 1 and 14 out at Site 2. We used 

logistic regression to assess whether the presence or absence of perching males near 

temperature stations was associated with the thelmal conditions. 

To discern the movement characteristics that differentiated the various behaviors 

we observed, such as dispersing, we used a custom built program in Python 2.S.1 

(2007) to calculate the tortuosity (the mean vector length of successive turning 

angles) and speed (mlsec) of the flight paths recorded. Tortuosity was measured 

using techniques described in Batschelet (196S) to calculate an r value ranging from 

o to 1, in which '1' represented a straight line and '0' represented a circle. By 

distinguishing separate behaviors, determining the temporal and spatial patterns of 

these behaviors across the adult flight period, and comparing characteristics 

associated with each behavior, such as resources, level of site fidelity, and occurrence 

of aggression, we can establish whether mate guarding is occurring. 

Results 

We tracked 62 male Taylor's checkerspot butterflies over the course of the adult 

flight period at FGNA; 31 in each of the two sites. This represented approximately 

28 h of recorded activities and 3,223 individual butterfly positions. In ONF, we 

tracked S1 male butterflies; 8 at Bear Mountain, 16 at 3 O'Clock Ridge, and 27 at 

Upper Dungeness. This represented approximately 12 h of recorded activities and 

2,109 positions. 

Among the males tracked, we identified two general behaviors that were 

equivalent to patrolling and perching. Across all sites, 47% of tracked individuals 

undertook a patrolling behavior. As part of this behavior, male Taylor's checkerspots 

exhibited a distinct flight pattern (a constant low slow zig-zagging searching flight) 

compared to other forms of flight we observed (such as dispersing flight, discussed 

below). In comparison, 42% of male Taylor's checkerspot butterflies exhibited a 

perching behavior. Among all survey sites, males were observed perching 

consistently within areas approximately S m2. We also tracked S% of males 

exhibiting both patrolling and perching behavior. On these occasions, we initially 

recorded males exhibiting a patrolling behavior in which they moved continuously 

across a site. We then observed them switching to a perching behavior in which they 

remained within that area. Of the remaining 6% of individuals we tracked, six males 

were only observed nectaring and two males dispersed from the site. 

Patrolling 

We found that patrolling males across all sites travelled at average speeds of 

1.6 mlsec (SD=0.42 mlsec). We also calculated an r value (tortuosity) of 0.21 

with an angular deviation of 72, thus revealing that patrolling males change their 

direction regularly. This corroborated our observations that males exhibit a slow 

zigzagging searching flight. 

We recorded 223 conspecific interactions among males exhibiting patrolling 

behavior (100 at the FGNA sites and 123 in ONF); 9S% of these interactions 

involved conflicts initiated by perching males, i.e. the focal individual was 
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approached and chased away by a perching male. The other 5% of interactions 

involved tracked individuals joining a multi-male interaction. This involved three or 

more males engaged in 1) a spiraling flight either rising from the ground up to 2 m in 

height or flying parallel to the ground no more than 0.5 m high, or 2) a procession of 

males following a female. Across all conspecific interactions recorded among 

patrolling males, 82% involved one other male, 11.6% involved two other, 5.8% 

comprised other three males and 0.4% included 4 or more additional males. In 

addition, none of the patrolling individuals we tracked engaged in a heterospecific 

interaction. Thus patrolling males exhibited very little antagonistic behavior in 

comparison to perching males (see below). 

Perching 

Among the male Taylor's checkerspot butterflies exhibiting perching behavior, we 

found evidence to support territoriality. At all sites, tracking surveys revealed that 

individual males perched consistently in specific locations. At these locations, we 

recorded males repeatedly using the same perching structures (ranging from 1 to 5) 

throughout the survey. In comparison, no patrolling males returned to a previously 

used perching structure. Based on the perching locations, the average area in which 

male Taylor's checkerspot were found perching (hereafter referred to as a territory) 

was 3.6 m2 in FGNA (ranging from 2.19 m2 to 4.87 m2
) and 0.6 m2 in ONF sites 

(ranging from 0.16 m2 to 1.57 m2). At ONF, males were only observed perching on 

vegetation-covered steps formed in the slopes. Often, these steps were no more than 

1 m in width. Across all sites, the territories represented areas of short vegetation 

often containing both nectaring and host plants. 

We recorded on 364 of occasions, individuals moving from perching positions 

only to initiate an interaction with an approaching male(s) or heterospecifics. 

After each interaction, all tracked males directly returned to their original location 

to perch. We recorded 8 events in which 'perching' males engaged in a 

heterospecific interaction with Sara orangetip (Anthocharis sara) or Propertius 

duskywing (Erynnis propertius). We also noted interactions with silvery blue 

(Glaucopsyche lygdamus), echo azure (Celastrina ladon echo), various moth 

species, various bee species, and wild turkeys (Meleagris gallopavo). We recorded 

356 conspecific interactions among the perching males tracked (103 at the FGNA 

sites and 256 at ONF) and all of them involved conflicts initiated by the tracked 

males. Overall, 83% of interactions involved conflicts with one other male, 12% 

with two males, 4% with three males and 1 % included 4 or more males. Perching 

males therefore demonstrated antagonistic behavior, a characteristic of territory 

defense. Furthermore, no perching males were displaced from their territories as a 

result of an interaction. 

We found perching males in areas both with and without host and/or nectar plant 

opportunities. We did not detect an influence of classic resources on the distribution 

of territories; we found no significant influence of either host plant (X2=0.03, P= 

0.84, df=43) or nectar plants (X2 =1.72, P=0.18, df=43) on the distribution of 

perching males, nor was there a significant interaction between variables (X2=0.02, 

P=0.88, df=43). The only areas we consistently did not record perching behavior 

were those areas 1) with tall grass, 2) with encroaching shrubs and trees, and 3) that 
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were shaded for part of the day. At the ONF sites, no males were observed perching 

in areas consisting primarily of bare ground or rock. We also noted that across the 

majority of the sites at FGNA (primarily the core area that was not subject to the 

above three criteria) light levels, wind speeds, and temperature remained consistent. 

Twelve temperature stations were located in these core areas, six with perching males 

holding territories within a 2 m radius of the station and six stations without perching 

males. We found no significant difference between the thermal conditions recorded at 

stations with and without perching males (X2=0.51, P=l.OO, df=59). 

Perching structures commonly included tall blades of grass, flower heads, wood, 

twigs and branches, mounds of dirt, rocks, and our pin flags (occasionally placed out 

to aid mapping). Among the short-grass meadows surveyed in FGNA, the majority 

(99%) of perching structures were blades of grass. In comparison, 80% of perching 

structures among ONF's rocky clear-cut sites were grass; 11 % were mounds of dirt, 

6% were rocks, and 3% consisted of wood, twigs and branches. We found that 

typical perching structures provided males with a clear view of their territory or 

approaching individuals. We noted that males consistently used the tallest structures 

available. For example, in many instances males demonstrated a preference to using 

our 38 cm tall pin flags if present. Moreover, of the 48 males tracked exhibiting 

perching behavior, only 5 males were recorded nectaring (ranging from 10 s to 4 min). 

A teneral (newly emerged) female appeared within the defended territory of 7 of 

the 48 males (i.e. 15% of those exhibiting perching behavior). On no occasion was 

the female observed crawling into the male's territory from beyond its limits. This 

was particularly evident at the ONF sites as most territories were surrounded by 

unstable bare ground and rocks. As such, a female crawling on these substrates 

would clearly be visible. In each instance, the perching male at the territory 

immediately approached the teneral female and mated with her. Copulation lasted an 

average of 40 min (ranging from18 min to 1 h 30 min). Once separated from the 

mated female, the male (hereafter the 'attending male') positioned himself directly 

behind the female. For an average of 11 min (ranging from 7 min to 14 min), 

attending males maintained this position. On all occasions, we recorded up to 4 

additional males joining the pair (ranging from 2 to 4 males). This appeared as a 

procession of males chasing after a crawling or hopping (i.e., short bursts of flight) 

female. The position of the attending male prevented the other males from getting 

close to the female's abdomen and none of the females we observed were mated 

again during this time. Following this activity, the attending male flew from the 

female and his territory. In the five of the seven instances we observed attending 

males leaving mated females; these males were recorded dispersing from the survey 

site entirely. Three of these males were marked and they were not observed again on 

the survey site. In all instances, dispersing males flew more directly than individuals 

conducting patrolling with an r value of 0.66 and an angular deviation of 47 across 

all sites. The average speed of dispersing males was also greater at 2.7 m/sec (SD= 

l.5 m/sec). After the departure of the attending male, little or no attention was 

directed toward the mated females by other males. These females crawled into 

vegetation close to the ground, where they remained for at least Yz hour to 3 h post 

copulation, and possibly longer as we did not monitor them further. 

Of the 48 males we recorded exhibiting perching behavior, 13 were marked. 

Although we tracked these individuals only once, transect surveys revealed that 

� Springer 



J Insect B ehav 

males remained within their defended territories from I to 1 0  days (Table I). This 

demonstrates that perching males have high site fidelity. Perching duration also 

varied across the adult flight period. Males that were marked in the first week 

remained on their territories for longer (an average of 6 days) compared with males 

marked in the second week (averaging 2 days). In addition, we did not record any 

males on territories marked during the 3rd and 4th weeks of the adult flight period. 

This corresponded to the variation we observed in the proportions of perching versus 

patrolling males across the flight period (see Fig. 3). 

Discussion 

Our observations of territorial defense and high site fidelity in the absence of any 

classic or other non-classic resources, along with direct observations of teneral 

females on territories and nearly immediate cessation of territorial defense on 

conclusion of copulation, all support the hypothesis that mate guarding occurs in 

Taylor's checkerspot butterfly. 

As is the case with many other butterfly species, the mating system of the Taylor's 

checkerspot butterfly comprises altemative behaviors and the specific behavior 

adopted by the males corresponds temporally to the density of receptive females 

(Kemp 2001; Merckx and van Dyck 2005). For example, protandry in this 

subspecies results in a high male-biased adult sex ratio in the early adult flight 

period (e.g., 1:13 at FGNA; Wiklund et al. 1996). In this early period, males adopt a 

perching strategy, establishing territories within which receptive females might 

visit and potentially solicit mating (Fig. 3). However, given the low abundance of 

adult females on the wing at this time and the even lower number of receptive 

Table t Length of time (in days) marked male Taylor's checkerspots were recorded continuously 

maintaining a specitic territory at sites in Fitton Green Nattlral Area. Oregon. U S A, during the adult flight 
period in 20 I 0 

Marked Site Date marked Adult flight Date I st recorded Date last recorded Total number of 
butterfly lD period on territory on ten'itory days at territory 

A l  2 13-Apr-10 Week 1 14-Apr-IO 23-Apr-IO 10 

A2 2 13-Apr-IO 1 4-Apr-1 0 18-Apr-l0 5 

A3 1 12 -Apr-IO 13-Apr-10 20-Apr-l0 8 

A8 2 13-Apr-IO 14-Apr-l0 20-Apr-10 7 

A9 12-Apr-10 13-Apr-l0 16-Apr-l0 4 

B2 12-Apr-l0 13-Apr-10 17-Apr-10 5 

B3 1 12 -Apr-IO 15-Apr-IO 17-Apr-10 2 

B7 2 13-Apr-IO 14-Apr-l0 20-Apr-1O 7 

B9 2 13-Apr-IO 14-Apr-IO 16-Apr-10 3 

N3 18-Apr-l0 Week 2 19-Apr-IO 21 -Apr-IO 2 

P4 18-Apr-IO 19-Apr-IO 20-Apr-IO 

04 18-Apr-IO 19-Apr-IO 22-Apr-l0 4 

R3 18-Apr-l0 20-Apr-l0 21 -Apr-l0 

<f;l Springer 



.... 
o 
0.. 
o 
0: 

J Insect Behav 

1 
A 

0.9 � 

0.8 

0.7 

0.6 

O.S 

0.4 

0.3 

0.2 

0.1 

0 

1 

0.9 

0.8 

0.7 

0.6 

O.S 

0.4 

0.3 

o 

Wk 1 Wk 2 Wk3 Wk4 

Perching males over the adult fligh t period (in weeks) 
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Patrolling males over the adult flight period (in weeks) 
Fig. 3 T he proportion of males exhibiting perching behavior (a) compared to those males exhibiting 
patrolling behavior (b) aeross the adult flight period. Dark colored segments represent the proportion of 
males tracked in Fitton Green Natural Area (FGNA) and lighter shading represents males tracked in 
Olympic National Forest (ONF) 

females, male mating opportunities appear minimal. Early male emergence therefore 

does not appear to be an effective mating strategy for males. The OCCUlTence of pre­

copulatory mate guarding provides a rational explanation for such a counterintuitive 

mating system. 

Males engage in a war of attrition with all conspecifics and heterospecifics 

approaching their territory and operate from vantage points within or near to their 

selected territories (Lederhouse et al. 1992; Takeuchi and Imafuku 2005). Such 
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aggressive behavior recorded in perching males suggests that an aspect of their 

territory is wOt1h defending, and most likely relates to reproduction. From our 

surveys and observations, we did not detect any classic resource-based differences 

between the defended territories and the surrounding habitat (Lederhouse et al. 

1992). This was pat1icularly evident in FGNA sites in which vegetation composition 

appeared consistent across the site, including host and nectar plant distribution. We 

found established territories with and without host and/or nectar plants present, 

suggesting these classic resources are not driving the territorial behavior we 

observed. We also noted that areas with patches of wild sh·awberry (Fraga ria 
virginial1a), which is a primary nectar plant, were not defended. Nor did we observe 

perching males aggregated within specific areas, such as hilltops, in any of our study 

sites. We found perching males to be randomly distributed across our sites further 

indicating that landscape features (non-classic resources) are not driving the 

territorial behavior we observed in the Taylor's checkerspot (Dennis and Sparks 

2005; Merckx and van Dyck 2005). In addition, we did not find the positions of 

territorial males to be influenced by fine-scale thennal conditions. However, we did 

observe teneral females at some of the defended territories. For this to have occurred, 

a female pupa must have been within the male's territory. This suggests that, with 

females yet to eclose, male Taylor's checkerspot butterflies at both FGNA and ONF 

sites are exhibiting pre-copulatory mate guarding behavior, in which they locate and 

defend immature females. With individual males holding territOties for up to 

10 days, the probability of observing teneral females at the defended territories 

during our surveys was inevitably low. This demonstrates that the use of mate 

guarding strategies in butterfly mating systems can easily have gone unnoticed. We 

suggest that further investigations include experimental testing, in which female 

pupae are placed in the field to see if males form territories at these locations. 

By remaining in close proximity to female pupae and waiting for them to emerge, 

the defending male greatly increases the likelihood that he will mate with a virgin 

female. T his strategy therefore has high reproductive value (Boggs and Nieminen 

2004; Ide 2004) and is certainly cost effective in a protandrous mating system 

(Rutowski 1991; Wiklund et al. 1996; Wiklund 2003; Ferkau and Fischer 2006). 

However, we can only speculate about how males locate immature females. Taylor's 

checkerspot butterfly pupae are well-concealed, often attached to the underside of 

vegetation close to the ground. As such, it is unlikely that males use visual cues 

(Rutowski 2003; Stinson 2005). Chemical cues, such as the pheromones commonly 

used among butterflies, would be more plausible (Estrada et al. 2010). Alternatively, 

female pupae may be using acoustic signals to reveal their locations (Travassos and 

Pierce 2000). 

During our study we also were able to identify post-copulatory mate guarding. 

This involves males preventing females they have just mated from re-mating 

(Wiklund 2003). Among the 7 mating events we observed, in all instances males 

remained for a short time «15 min) in close proximity to that female appearing to 

prevent other males from mating her. This behavior may ensure that the spenn plug 

or sphragis is in place and hardened in the female copulatory duct (i.e. spenn-guarding) 

preventing the female from immediately copulating again (Orr and Rutowski 1991; Orr 

2002; Vlasanek and Konvicka 2009). Alternatively, this mate guarding behavior may 

be driven by chemical cues, as newly emerged females release pheromones to indicate 
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they are receptive (Dennis and Williams 1987; Deinert 2003; Raguso and Willis 2003). 

Our observations of processions of males following newly emerged females, along 

with very few observations of patrolling males interacting with mature females, 

indicates that males having mated a female remain in proximity to physically prevent 

that female from re-mating while she is still receptive. 

Finally, in contrast to perching males, we noted that in the third and fourth weeks 

of the adult flight period patrolling males gravitated more towards specific areas 

within the ONF sites. For example, at 3 O'Clock Ridge, males moved laterally to a 

rocky outcrop traversing the length of the site's slope. This supports previous 

investigations that male checkerspots appear to hilltop (Ehrlich and W heye 1986, 

1988; Baughman et a!. 1990). In contrast, we found no evidence of this behavior 

among FGNA sites. This supports Singer and Thomas's (1992) studies in which they 

found no evidence to support hilltopping behavior in this same subspecies. Based on 

these findings, we hypothesize that it is the topographic structure of the sites that 

drives this behavior among different populations of checkerspot butterflies. 

Our investigation demonstrates that disceming the specific mating strategies that 

comprise a mating system can be difficult. This is particularly true when I) multiple 

strategies are employed, 2) they may be plastic - as individuals can switch between 

strategies, 3) they are influenced by spatial and temporal variables, such as 

topographic structure, and 4) they are cryptic, as in the case of pupal mate guarding. 

We detennined the mating system of Taylor's checkerspot butterfly to be more 

complex than previously described and there likely remains much to be leamed 

(Boggs and Nieminen 2004). However, as a species of concem, understanding 

Taylor's checkerspot behavior, habitat use and movement dynamics within a site is 

critical to conservation efforts. One significant advantage of identifying pre­

copulatory mate guarding behavior among the Taylor's checkers pot butterfly is that 

we can more effectively identify within-site habitat that is suitable for pupation (Pratt 

and Emmel 2010). Thus, the more we know about the Taylor's checkerspot and 

similar sub-species, the more effectively we will be able to manage existing 

populations and infonn reintroduction efforts (Stinson 2005; Miller and Hammond 

2007; Ross 2009). 
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