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Introduction

Identifying habitat of migratory species to effectively support conservation and management requires careful consideration of (1) the data used to inform habitat models, (2) the biology of the organism, (3) land tenure, and (4) the needs of the target audience.





Methods

To provide this information for western U.S. monarch butterflies, a population undergoing decline, we modeled habitat during the spring and fall migrations. Our approach controlled for biases in citizen science locality data, the principal source of monarch observation data, and incorporated needs for milkweed host plants in the spring and nectar plants in the fall.





Results and Discussion

The results showed the distribution of habitat for spring and fall migration, where the Coast Range and Central Valley in California and riparian areas throughout the range were particularly important. Just 29% of predicted habitat for spring and fall migrations, combined, overlapped between the two seasons. Although the U.S. federal government manages 53% of the land in the western U.S., government land makes up just 11.7% of the spring migration range and 23.5% of the fall migration range. State and local governments and non-governmental organizations (NGOs) manage an additional 4.2% of the spring and 4.0% of the fall migration habitat. Thus, like eastern monarchs, western monarchs rely heavily on land under private ownership for their migration and to be successful, monarch conservation efforts must embrace a public-private approach. Among federal agencies, the Bureau of Land Management (BLM; 5.9% of spring and 9.7% of fall habitat) and Forest Service (3.3% of spring and 9.2% of fall habitat) manage the greatest shares. Less than half of the government and NGO owned habitat for both migrations is managed for biodiversity conservation rather than multiple uses (spring, 46.0%; fall, 36.5%). We created custom model outputs for the BLM to highlight areas of both regional and local importance for migrating monarchs in each BLM administrative unit, enabling managers across the agency to contribute to recovery. The outcomes provide input at a relevant spatial scale to support actions such as habitat restoration, riparian zone protection, and pesticide use reduction to enhance conditions for migrating monarchs on both government and private lands.
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Introduction

Migratory animals present many challenges to conservation practitioners charged with their protection. Populations of these species are subject to varying threats in geographic areas often separated by hundreds or thousands of kilometers as well as during their transit between these areas (Martin et al., 2007). Effective conservation for these species requires knowledge about their full life cycle, including where they occur at different times of the year, resources required by all life stages, and which life stage limits population increase the most (Crouse et al., 1987; Runge et al., 2014; Reynolds et al., 2017). These life cycle details can be difficult to obtain due to needs for coordination among authorities, the challenging nature of tracking animals during their migrations, and geographic variation in data availability.

The migratory monarch butterfly (Danaus plexippus plexippus) undergoes iconic migrations in North America, and population declines present an example of the complexities of managing a migratory species (Pelton et al., 2019; Crossley et al., 2022). The monarch population west of the Rocky Mountains overwinters at sites primarily along the central and southern California coast. In the spring, individuals migrate throughout the western U.S. across multiple generations and continue to breed through the summer before returning to the coast in the fall (Pelton et al., 2019). In addition, some migrate to the same central Mexican overwintering sites as populations from east of the Rockies, but it is not confirmed that monarchs from Mexico migrate back to the western U.S (Morris et al., 2015; Billings, 2019; Pelton et al., 2019).

Conservation of the western monarch population requires protection of the overwintering sites,
the breeding sites, and the migratory pathways. The overwintering sites are well known (Pelton et al., 2019), and recent models focusing on the milkweed (Asclepias spp.) hostplant have identified important breeding areas (Dilts et al., 2019). However, the areas used during migration for this population are not well understood (Pelton et al., 2019). An existing continental-scale model provides a useful overview of the seasonal expansion and contraction of this population (Castañeda et al., 2019) but is too coarse to inform managers responsible for individual tracts of land. Ideally, model outputs would be at scales of tens to hundreds of meters and readily available as GIS layers that allow users to zoom to an area of interest. A site suitability model for western monarchs fitted with limited locality, climate, and land use data for a single annual cycle (2016-2017) is also available (Kesler and Bunch, 2023) but again is too coarse for tract-level management and may not reflect multi-year patterns of habitat use. Knowing the routes through which monarchs migrate is key to identifying potential sources of mortality as well as areas for habitat conservation and/or enhancement (Howard and Davis, 2008).

Approaches to filling any such conservation knowledge gaps should be cognizant of the actors who would undertake desired land management interventions (Hulme, 2014; Raymond et al., 2015; Cvitanovic et al., 2016). The western monarch is widespread across 7 U.S. states (Idaho, Utah, Arizona, Nevada, Washington, Oregon, California) as well as the western portions of 4 Rocky Mountain states (Montana, Wyoming, Colorado, New Mexico). The federal government manages much of this land (e.g., 53% of the 7 westernmost states; Congressional Research Service, 2020), and state, local, and non-governmental organizations (NGOs) also manage sizable tracts of land. Any attempt to identify where western monarch migration takes place should therefore include outputs aimed at the spatial scale and technological tools used by managers for these agencies to facilitate uptake and efficient siting of conservation interventions.

Several challenges face the development of a representative habitat model for the migratory stage of this population’s life cycle. First, both the spring and fall migration are dependent on different food sources: milkweed in the spring (for larval food and as a major nectar source) and nectar from diverse plants in the fall (Xerces Society, 2018; Lukens et al., 2024). Second, most recent observation data for monarchs, milkweeds, and fall flowers that provide nectar are from citizen scientists, which, while prolific, are typically spatially biased to human population centers and areas with easy access (Mair and Ruete, 2016; Tiago et al., 2017; Young et al., 2019). Third, nonmigratory subpopulations of monarchs are known from several areas within the range of western monarchs (Crone and Schultz, 2021; Steele et al., 2023); observations of these individuals could confound models aimed at understanding the behavior of migrants. Fourth, as with other wide-ranging species, depicting distributions in ways that are meaningful to local managers can be challenging due the mismatch in scale between outputs (maps covering hundreds of thousands of square kilometers) and on-the-ground conservation interventions (actions taking place over areas of less than a square kilometer to perhaps dozens of square kilometers).

Here we present new habitat models for the spring and fall migration stages of the western monarch life cycle. We used these results to assess the proportion of the migratory ranges that are under the management of federal, state, and governmental land management agencies and NGOs versus private landowners. In addition, we describe a method to adjust the scale of our output to administrative management units of a major federal land management agency, the Bureau of Land Management (BLM). This scaling method can be adapted for scaling results of other spatial analyses for targeting on-the-ground conservation interventions.





Materials and methods




Locality data

We used locality data from 10 sources (see Acknowledgements for list) primarily made up of citizen science observations from across the 11 state range of the western monarch. We used data from eggs, larvae, and adults in the spring because any life stage indicates the presence of migratory individuals during this period, although some records may refer to nonmigrants. For the fall, we used only adult records to restrict modeling to migrating adults returning to overwintering sites. We restricted records to the years 2010-2021 to focus on recent migration patterns and used records from March – June for spring and August – October for fall migration. We discarded duplicate records from the same site and date, those from within 5 km of known overwintering sites on the California coast (CDFW, 2023) to avoid including overwintering individuals, and records annotated with a spatial uncertainty of greater than 1 km as a balance between filtering out valuable records and avoiding spurious effects on outputs generated at 330-m resolution. We used the R Package CoordinateCleaner (Zizka et al., 2019, R Core Team, 2022) to eliminate records over bodies of water, from state centroids, museums (which may erroneously be recorded as localities from specimens housed there), and botanic gardens (because citizen scientists may post records of captive individuals). Recognizing that nonmigratory populations occur in the San Francisco Bay and Los Angeles, California, and Phoenix, Arizona (Morris et al., 2015; Crone and Schultz, 2021; James et al., 2021), areas we eliminated records from the urban footprint of these regions.

To help control for spatial bias in record location caused by human population centers and patterns of collection/observation such as roads and parks, we used records of all Nymphalids, the family that monarchs belong to, in a target group correction approach (Ponder et al., 2001; Anderson, 2003; Phillips et al., 2009). Patterns of spatial bias in monarch records were associated with large clusters of points around metropolitan areas such as the San Francisco Bay area, Los Angeles, Phoenix, Salt Lake City, as national parks and highways. Target group correction estimates sampling effort for species related to the target species to identify areas of high geographical bias. We assumed that the spatial bias in Nymphalid records mirrors the spatial bias in monarch records, and visual inspection revealed similar clustering around metropolitan areas, highways and outdoor recreation areas. We obtained Nymphalid records through the Global Biodiversity Information Facility (GBIF; https://doi.org/10.15468/dd.u6h9qd) from the same 2010-2021 time period as for monarchs and filtered them using CoordinateCleaner. To create a bias layer, we used the MASS R package kde2d function (Venables and Ripley, 2002) to estimate a bias layer based on kernel density estimation, using a 10km standard deviation. This bias layer was then used to down weight the monarch records by sampling records in proportion to the estimated bias.





Environmental predictor data

For both spring and fall models, we used a library of 108 terrestrial and palustrine 330-m resolution environmental predictor layers that represented climate, topography, hydrography, soils, land cover (listed in Supplementary Table 1). For the spring models, we also included a summed milkweed habitat suitability layer generated by summing the individual milkweed species outputs from Dilts et al. (2019) and made available by the Xerces Society. This layer approximates milkweed species diversity, which we assume is a useful indicator of milkweed abundance.

For the fall models, we created a nectar abundance layer by modeling the distribution of 11 species and 6 genera of fall-flowering plants derived from the Xerces Society Monarch Nectar Plant Database (Table 1). These species are the most frequently recorded food sources for migrating monarchs. Again, we used records from GBIF from the same time period and cleaned in the same manner as for the monarch and Nymphalid records and incorporating bias correction using angiosperm records overlapping the August to October migration period (GBIF, https://doi.org/10.15468/dd.yfj6ba). We selected predictor variables based on their importance in preliminary models, with highly correlated variables excluded through a pairwise selection process.


Table 1 | Fall nectar plants for western monarchs used and the number of GBIF records used for each to create a nectar abundance layer.







Modeling approach

Recognizing that monarchs expand outward from their coastal overwintering sites during the course of the spring, we generated 4 separate monthly models for this season. We created a single fall model because the migration takes place broadly across the western U.S. during this period (i.e., not initiating from a limited area). We used R scripts to implement methods described in Hamilton et al. (2022) to run models with the random forests (RF) algorithm with the randomForest R package (Breiman, 2001; Liaw and Wiener, 2002). R scripts providing details on model tuning and variable selection are available on GitHub (https://zenodo.org/doi/10.5281/zenodo.12659562). Modeling followed methods described in Hamilton et al., 2022). We built random forests models using classification trees and incorporated downsampling, fitting trees with a bootsrapped sample of presence points with an equal number of background points (Chen et al., 2004; Valavi et al., 2021). We selected background points from within the modeling extent area, avoiding samples from within HUC-10 hydrological units within 500 m of presences. The number of variables selected randomly at each split (mtry tuning) was selected to minimize out-of-bag (OOB) error using an initial setting of mtry=6 and increasing by 2 at each step. To account for spatial accuracy, we buffered points by their reported error radius in meters, with overlapping polygons merged and presences selected from within polygons to better sample environmental variation relative to locational accuracy, which also reduced pseudoreplication caused by multiple presence points in close vicinity. We built final models based on 2,000 trees following preliminary models based on 1,000 trees from which we removed variables by selecting the most important variable within sets of correlated variables, and removed variables based on mean decrease in accuracy, removing the lower 25th percentile of predictor variables. We assessed validation using leave-one-out jackknifing and calculated specificity, sensitivity, true skill statistic, kappa, and area under the curve. We generated mapped outputs of the final models from the values of environmental variables utilized in the models, and represent the relative probability of detecting monarchs at that site, or similarity to observed areas where monarchs have been documented based on the results of the multiple trees used to generate the model.

The extent of the milkweed layer, which covered the westernmost 7 states (Arizona, Utah, Idaho and the more western states), restricted the modeling extent for the spring models. The fall model included those 7 states plus the area west of the Continental Divide in Montana south through New Mexico. Output resolution was 330 m for all models.

Two monarch experts from the Xerces Society reviewed preliminary output and provided suggestions from improving the models, such as removing out-of-range records from west of the Cascade Mountains in Washington. We then reran the models to generate final continuous spatial predictions. To simplify the outputs for managers, we converted these continuous predictions to binary representations of habitat by applying a probability threshold that minimized the false positive rate (1- specificity) based on the receiver operating characteristic (ROC) curve, above which all values were classified as habitat (Hamilton et al., 2022). In addition, we created a single spring output where we assigned each pixel the maximum value from across the 4 monthly models, and then thresholded the combined output utilizing records from across the 4 spring months.

For validation statistics, we calculated area under the ROC curve (AUC), true skill statistic (TSS), overall accuracy, specificity, and sensitivity for each model using a jackknife procedure dropping records from geographically clustered groups of points (Hamilton et al., 2022). Also, we generated functional response plots for the 10 most important environmental predictor variables in each model using the partialPlot function of the randomForest R package.

We calculated overlap and unique spring and fall areas of habitat by overlaying the binary single spring and fall models, using only the area where predictions were made for both seasons in the westernmost 7 states (i.e., not including the portions of Montana, Wyoming, Colorado, and New Mexico that were modeled only for the fall).





Stewardship analysis

We evaluated the stewardship of government and other agencies by overlaying the PAD-US 3.0 (USGS GAP, 2022) layer on the single spring and fall binary models. We considered GAP statuses 1 and 2 to represent areas managed for conservation and GAP status 3 to represent areas managed for multiple uses. We then calculated the percentage of the single spring and fall habitat that was managed by federal, state, and local governmental agencies and NGOs, and then separately across the major federal land management agencies for each of these two protection statuses. We did not consider tribal lands as these are not well delineated in the PAD-US data layer.





BLM-specific output

Recognizing that the BLM manages a substantial portion of the western U.S. and that land use decisions are made at the field office level, we performed an analysis to identify the most important areas for migrating monarchs within each field office unit. The BLM divides each of the 7 focal states into 9-22 nonoverlapping field office units, which collectively cover the entire land area of these states regardless of the amount of land in each managed by the agency. We first identified the top 10% of model suitability scores in each field office unit separately for the fall and spring seasons. We called any part of this area already identified as habitat in the binary model described above as being of “regional” significance. We called the remaining portion of the area with the 10% highest suitability as being of “local” significance.






Results




Model output

From 30,067 initial records, the locality data sources yielded 8,473 unique fall monarch records and 1,716 unique spring records that fulfilled our criteria. Maps of the monarch records, Nymphalid bias map, and relative fall nectar plant densities are available in the Supplementary Figures 1-3. Monthly spring models show temporal expansion of monarchs across the western U.S. from March through June (Figures 1, 2). Monarch migration habitat is concentrated in the Coast Range and northern Central Valley of California in March and April before appearing across much of the central and northern portion of the range in the Willamette Valley, Oregon; the Columbia Plateau, Washington; Snake River, Idaho; west-central Nevada, and the Rocky Mountain foothills east of Great Salt Lake, Utah, in May. By June, habitat in California becomes less emphasized and migration habitat appears in Arizona.




Figure 1 | Continuous habitat suitability model output for migrating western monarch habitat in the spring based on the output of random forest modeling. (A) March, (B) April, (C) May, (D) June. Lighter colors represent areas of higher predicted suitability and darker areas lower suitability in relation to similarity to locations monarchs have been documented at during the spring period.






Figure 2 | Thresholded binary habitat models for western monarchs across the spring migration season. (A) March, (B) April, (C) May, (D) June. These maps represent areas of high predicted suitability based on a threshold of the continuous model output (Figure 1) that minimizes the probability of false positives, in order to highlight the most likely areas of suitability across the broad extent of the modeling area.



The fall model shows concentrations of habitat in similar areas to the spring models with the addition of areas in western Colorado, the Wasatch and Uinta Mountains in Utah, and the Apache Highlands in Arizona (Figure 3). The combined, thresholded binary spring and fall model outputs are shown in Figure 4.




Figure 3 | Continuous habitat suitability model output for migrating western monarch habitat in the fall based on the output of random forest modeling. Lighter colors represent areas of higher predicted suitability and darker areas lower suitability in relation to similarity to locations monarchs have been documented at during the fall period. Inset map illustrates habitat predictions in riparian areas.






Figure 4 | Single binary (A) spring and (B) fall habitat models for western monarchs during the migration seasons. These maps represent areas of high predicted suitability based on a threshold of the continuous model output (Figure 1) that minimizes the probability of false positives, in order to highlight the most likely areas of suitability across the broad extent of the modeling area.



The validation statistics showed generally good performance, with AUC values ranging from 0.87-0.96 (Table 2).


Table 2 | Validation statistics for models.



The environmental predictors with the greatest importance in the models varied seasonally (Supplementary Figures 4-8; functional response plots in Supplementary Figures 9-13). In March and April, climatic predictors including temperature, precipitation, and climatic water deficit were all among the most influential in the models. Distance to the ocean was also important in these early months of the migration. In April, summed milkweed habitat suitability first appeared as an important predictor, and this variable increased in importance for the May and June models. In May and June, fewer climatic predictors were important than earlier in the season, and ecological predictors such as coniferous forest and canopy cover (for which a lack of such cover was important in predicting habitat), distance to streams, and distance to woody wetlands became important.

For the fall model, nectar abundance was the most important predictor. Climatic and ecological variables, as well as distance to ocean, were also important (Supplementary Figure 8; functional response plot in Supplementary Figure 13). All three important climatic variables related to moisture: climatic water deficit and precipitation in wettest and driest quarters. Shrub cover measured at two different scales (10- and 100-cell means around a central focal raster cell); was the most important ecological variable for this model.

The area of predicted habitat for the binary output is 121,427 km2 in the spring and 89,287 km2 in the fall. Of the areas predicted for monarch migratory habitat in both seasons in the 7 westernmost states, 45% is habitat only for spring migrants, 26% is habitat only for fall migrants, and 29% is habitat for both migrations. Predicted habitat for the spring only is concentrated in the Willamette Valley, Oregon, along the northern and eastern margins of the Central Valley, along the Coast Range, and in southern California (Supplementary Figure 14). Habitat predicted uniquely for the fall was concentrated in river valleys, many with irrigated agricultural areas (and not in forested mountain ranges), in central and southern Utah south through central Arizona (Supplementary Figure 14).





Stewardship

Federal agencies own 11.7% of the habitat indicated by the spring model and 23.5% of the habitat indicated by the fall model (Figure 5, complete details in Supplementary Table 2). Among the federal agencies, the BLM owns the greatest amount, 5.9% of spring and 9.7% of fall habitat, followed by the U.S. Forest Service (3.3% and 9.2%, respectively) (Figure 5). State and local governmental agencies and NGOs own much less habitat, ranging from 0.6-2.7% combined of the habitat for each season (Figure 5). Collectively, governmental agencies and NGOs own 15.9% of the spring migration habitat and 27.5% of the fall migration habitat (Supplementary Table 2). All remaining habitat is under private ownership. Notably, the majority of government and NGO-owned habitat is managed for multiple uses rather than conservation (Figure 5). Across all stewardship classes (other than private), only 46.0% of spring and 36.5% of fall habitat is managed expressly for conservation.




Figure 5 | Stewardship of habitat for spring and fall migrating western monarchs. Top: major management classes for (A) spring and (B) fall migration. All habitat not covered by any of these classes is presumed to be under private ownership. Bottom: details on federal government agency management for (C) spring and (D) fall migration. Areas designated for conservation are from the Protected Areas Database (PAD) Gap categories 1 and 2; areas designated for multiple use are PAD Gap category 3. NGO, non-governmental organization; BLM, Bureau of Land Management; USFS, United States Forest Service; FWS, Fish and Wildlife Service; NPS, National Park Service. “Other Federal” includes, for example, the Department of Defense and Bureau of Reclamation.







BLM-specific output

Model output shows areas of locally important habitat for migrating western monarchs in each BLM administrative unit, filling gaps in regions lacking habitat of regional importance (Figure 6). Overall, the model output for combined regional and locally important habitat were similar for the spring and fall migration. In the spring, the parts of California near the overwintering sites (Coast Range, northern Central Valley, and southern California) are of regional importance whereas during the fall many of these same areas are highlighted as being of local importance. East of the Sierra Nevada and Cascade Mountains, most of the areas highlighted as being of either regional or local importance are associated with rivers or riparian areas (Figure 6).




Figure 6 | Areas of regional and local importance for (A) spring and (B) fall migrating western monarchs for Bureau of Land Management land managers. Areas of regional importance are the same as those shown in Figure 4. Areas of local importance are the portion of the most suitable 10% of habitat (upper 10% of predicted model scores) within each BLM field office unit that is not of regional importance.








Discussion

This study produced, for the first time at such a high resolution (330 m), models of habitats that are important to migrating western monarchs, and at the same time, an analysis of land stewardship of migration habitat (Pelton et al., 2019). The models revealed that, according to the thresholding approach we used, western monarchs use somewhat different areas in the spring than in the fall. We found that most migratory habitat is on private land, in contrast to the overall land tenure pattern of the federal government managing more than half of the land. Among governmental and non-governmental agencies, the BLM and USFS have the greatest stewardship of this habitat. Land managers can use these results (see Data Availability statement for access to GIS versions) to inform parcel-level decisions for migrating monarchs (Xerces Society, 2018) such as reduce pesticide use; protect riparian zones; restore and enrich milkweed and floral resources, especially in drought years when nectar availability is reduced (Brower et al., 2015); and provide shrubs and trees for roosting and shade (Pelton et al., 2019).




Uncertainty in models

Although we reduced bias toward human population centers and thus nonmigratory monarchs, fully controlling for the spatial bias in citizen science records would be challenging for this species. Thus, our models may still retain some bias towards areas with high densities of citizen science observations from urban areas in California, Arizona, and Utah. In addition to the large number of observers, human population centers in the desert ecoregions of the arid western U.S. have numerous irrigated parks and gardens that artificially attract monarchs due to increased milkweed and nectar plant availability compared to intervening drier natural areas. Resolving this issue was beyond the scope of this study, which is aimed at managers of public lands, few of which occur in population centers. Finer scale predictions of migration habitat near more populated areas are likely to vary depending on how resident and migrating monarchs are treated and the land use layers incorporated. In addition, results in sparsely populated areas such as the Great Basin may be sensitive to the approach to bias correction taken as well as the lower density of observations within these areas.





Implications for migration

Our results broadly coincide with previous descriptions of western monarch migration, with some important differences. The monthly, North America-wide models of Castañeda et al. (2019) show a similar spring expansion from the California coast. However, that model showed virtually the entire Central Valley as providing habitat in March whereas the present model showed habitat being restricted to the northern and eastern portions of that area. Also, the Castañeda et al. (2019) model did not predict habitat outside of California in May. Monarchs clearly are more widespread in May since we compiled 182 May records of monarchs outside of California and consequently our model predicted areas of migratory habitat from across the range. The Dilts et al. (2019) model for the entire non-overwintering period highlighted most of the same areas as ours did, although the former model predicted medium suitability habitat in areas of the Sonora Desert in southeastern California and southeastern Washington where ours did not. The MaxEnt algorithm used by Dilts et al. (2019) can predict areas of habitat further from reference records than random forests (Fitzgibbon et al., 2022; Zhao et al., 2022). Notably, there appeared to be no reference records in these two areas (Dilts et al., 2019). Our finding that in Idaho, the Snake River Plain is the most important habitat for migrating monarchs was remarkably similar to a previous modeling effort focused on that state (Svancara et al., 2019). Also, distance to water predictors were important in both exercises.

A striking finding is the near absence of predicted areas of regional importance for migrating monarchs in the Great Basin of Nevada and western Utah. Few records of monarchs from the migratory seasons exist from this region (380 across both spring and fall in our compilation). Monarch records prior to 2005 appeared to be as common in the Great Basin as almost anywhere else in the range in an earlier compilation (Dingle et al., 2005), which suggests a possible decline in monarch passage through that region. In the future, it would be interesting to identify areas of potential historical importance based on older records which may be little occupied currently. Our identification of important areas for migratory monarchs occurring on the northern and eastern edges of the Great Basin and foothills of the Rocky Mountains poses the question of where these migrants are going to and from. The model results suggest that a direct migration between Idaho/Utah and the California coast may be taking place to a lesser extent than in the past (Crone et al., 2019).

Observations of tagged monarchs from Washington moving southeast in the fall (James and Kappen, 2021) raise the possibility that some individuals migrate from the northern portion of the range through eastern Utah and then either west through Arizona to the California coast, bypassing most of the Great Basin, or south to central Mexico. The spring model outputs are consistent with monarchs following one or both of these routes in reverse during that season. Tagging studies of fall monarchs in Idaho and Utah could further clarify details about migratory monarchs in this part of the range. Targeted surveys for migrating monarchs within the Great Basin would also be helpful to confirm that the low density of records and corresponding predicted habitat reported here represent accurate depictions of the migration and are not an artifact of sparse observer activity.





Need for public-private approach to conservation

The stewardship analysis revealed that nearly 85% of spring and over 70% of fall migratory habitat is under private ownership, in contrast to the high degree of federal land ownership in the region. The Coast Range and Central Valley, both of which are primarily privately owned, are of major importance for the first spring generation (Crone et al., 2019) and provide the last habitats that most fall migrating western monarchs cross before arriving at their coastal overwintering areas. Further, monarch migration habitat coincides with major agricultural production areas in the western U.S.: the Central Valley (California), Willamette Valley (Oregon), Columbia Plateau (Washington), Snake River Plain (Idaho), Footslopes of the Wasatch Front (Utah), and the greater Phoenix area (Arizona). Future modeling efforts may wish to further explore this relationship by considering NDVI, which would identify irrigated land, as a predictor variable (Maselli et al., 2020). The situation for western monarchs is therefore similar to that of eastern monarchs, which also occur primarily on private agricultural land (Spaeth et al., 2022). Given the broad scope of private land ownership across the migratory range of the western monarch, outreach efforts such as land stewardship assistance to promote healthy habitat and reduce threats for monarchs on private lands will be key to the survival of the population (Xerces Society, 2018).

On federal land, the BLM and USFS are the agencies with the greatest responsibility for overseeing habitat for migrating western monarchs. The mandates of both the BLM and USFS include sustaining productivity and multiple use, and thus it is not surprising that the majority of western monarch migration habitat managed by these agencies is designated as multiple use. Managers of these agencies must leverage the tools at their disposal to ensure that uses such as livestock grazing, recreation, and logging incorporate practices that protect and restore monarch habitat. Encouragingly, the BLM announced on 18 April 2024 a new Public Lands Rule that, for the first time, places conservation on equal footing with other uses (BLM, 2024), giving managers of multiple use lands more authority to prioritize actions that benefit at-risk species such as the monarch.

Recent counts of monarchs at the California overwintering sites reveal that the population, while fluctuating in recent years, is far less numerous than in the 1980s (Pelton et al., 2019; Crone and Schultz, 2021; James, 2024). Indeed, the U.S. Fish and Wildlife Service determined that the species warrants listing as a threatened or endangered species and added it to their candidate list (USFWS, 2020). The decline imperils a highly visible, iconic migratory phenomenon that has few parallels among North American insects. The detailed maps of habitat for migrating monarchs described here contribute to the conservation toolbox available to practitioners on both public and private lands.
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