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Abstract 

 Plants provide habitat and resources to the desert animal community. However, these 

interactions are species specific and can depend on season. I tested the hypothesis that birds use 

different foundation species in deserts as microhabitat, and birds shift associations by flowering 

and fruiting life-stages. I used line transects to record habitat associations of birds at a protected 

site in the Mojave Desert. I found that the bird biodiversity and behaviour were not equally 

represented across all microhabitats or season. Diversity of birds and territorial behaviors were 

significantly greater at shrubs microhabitats in spring. Shrubs likely primarily provided structural 

heterogeneity for the avian community to use as perches, nests, and other non-trophic services 

because foraging and consumption were observed less often. Bird biodiversity was greater at 

cacti than at open summer microhabitats, which supported the least bird biodiversity. Non-

trophic interactions with plants are important for maintaining local bird diversity in deserts. 
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Introduction  

Background  

 In ecology, a microhabitat refers to a relatively fine-scale spatial area of a physical 

environment. However, size is not the only criterion that defines a microhabitat as size is often 

relative and subjective. A more appropriate definition takes the internal homogeneity of a 

microhabitat internal homogeneity relative to adjacent areas into account. In this study, I define a 

microhabitat by the way that microhabitat influences the conditional experience of an individual 

within the area in question; if the conditional experience of a visiting individual (e.g. a bird) 

differs from the average, typical conditions experienced by the rest of the population of the 

visiting individual, then the bounds of the first individual is a microhabitat (Denney et al. 2020). 

Simply put, a microhabitat is different relative to adjacent microhabitats in regard to certain 

characteristics, which are defined by the observer (Price 1978; Jorgensen 2004; Sandel 2015). It 

is the culmination of multiple, differing microhabitats together in a landscape that creates habitat 

heterogeneity (Maseko et al. 2019). For highly mobile species such as birds, proximity of an 

individual to different microhabitats can rapidly shift as the individual transverses a habitat. 

Heterogeneity has been documented as a key component of ecosystem functionality because this 

heterogeneity can provide resource partitioning among potential competitors (Fuhlendorf et al. 

2017; Cockburn and Lidicker 1983). In this study, the microhabitats created by large plants in 

desert ecosystems were examined to explore their capacity to support diverse avian communities.  

 Plant-animal interactions are often positive. Positive interactions or facilitation at the 

landscape level can influence ecosystem infrastructure (Stachowicz 2001). Facilitation is defined 

as any positive interaction wherein a benefactor species increases the fitness or survival for 
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associated species (Bertness and Callaway 1994; Bruno et al. 2003; Franco and Nobel 1989). 

Facilitative interactions can be commensalistic or mutualistic. The latter is a type of positive 

interaction where both interacting parties benefit (Bronstein 2009). However, competitive 

interactions often happen concurrently alongside facilitation (i.e. competition for pollinators 

between benefactors and beneficiaries) (Braun 2018). There are many mechanisms for 

facilitation between interacting taxa (Landero and Valiente-Banuet 2010), and several categories 

are common across plant-animal interactions with plants often providing food resources such as 

nectar, fruit, and seeds (Narango et al. 2017; Feinsinger 1987; Saracco et al. 2004; Guo et al. 

1995). Benefactor plants can also indirectly facilitate carnivores or insectivores by attracting 

their prey items (Ruttan et al. 2016). Non-trophic interactions between plants and animals is the 

most well-documented type of facilitation, with most studies examining hypotheses that 

supported the function of shrubs as shelters or seed traps for beneficiary animals (Lortie et al. 

2016). Benefactor plants can provide prey animals structural cover from their predators (Fischer 

1980). Plants are also often nesting sites for small mammals and birds (Owen et al. 2019; 

Burnside et al. 2020). In the more specific example of a bird-plant interaction, birds can associate 

with a plant to use as a perching site that aids the bird in foraging and defining its territory 

(Wiens 1973; Craig 1990; Devereux et al. 2000; Longland and Price 1991). All of these trophic 

and non-trophic interactions can be relevant for desert birds; however, the relative frequency of 

these interactions is not well documented.  

 Different taxa or functional groups within a community can provide support to other 

species throughout an ecosystem particularly in more stressful environments (Zhang and 

Tielbörger 2020). Foundation species can be benefactors that facilitate other species within an 

ecosystem using some or all of the mechanism previously described (Kane et al. 2011; Angelini 
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et al. 2011; Almeida and Mikich 2018). Foundation species are represented at many different 

levels in food webs and can be found in most ecosystems (Borst et al. 2018; Jones et al. 1994). 

The uniting characteristic among all foundation species is their strong influence on community 

composition (Dayton 1972). In many ecosystems, including deserts, plants are foundation 

species. The traits of a foundation plant species (such as growth pattern, life histories, and origins 

of neighbors and targets) can influence the mechanism of the interaction (He et al. 2013). Traits 

can also shift the net outcome of interactions from facilitative to competitive (Callaway and 

Walker 1997). Shrubs and cacti have been documented as common foundation species globally 

(Filazzola and Lortie 2014). These large, sturdy plants are often responsible for habitat 

infrastructure of wildlife throughout an ecosystem (Callaway 1997; Gelmi-Candusso et al. 2017). 

In relatively high-stress environments like deserts, events like mega-droughts and other inter-

annual variation is stressful for many species in the ecosystem (Siegal et al. 2013). These 

foundation plant species are able to recover after stressful periods and provide some stability 

during and after harsh events, though their dieback after severe droughts does negatively impact 

facilitation (McAuliffe and Hamerlynck 2010). This physical stability helps maintain the 

presence of many other species in a habitat (Lortie et al. 2018). While most studies have focused 

on plant-plant facilitation (Callaway 2007), positive plant-animal interactions are also frequent in 

deserts (Lortie et al. 2016; Bertness et al. 1999; Arsenault and Owen-Smith 2002). A more 

comprehensive understanding of the types of associations between foundation plant species and 

animals will enable better predictions of how biodiversity will respond to a changing climate and 

to the relatively extreme existing variation in desert climates seasonally. 

 This study focuses on bird-plant interactions in a desert ecosystem. Desert plants benefit 

birds in many ways, but birds can also benefit foundation plant species. Pollination and seed 
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dispersal are critical reproductive services that support sexual reproduction of plants, thereby 

maintaining genetic variation in shrub and cactus communities (Gorostiague and Ortega-Baes 

2017; Godínez-Alvarez et al. 2002; Ebert 2006). Birds can function as indicator species for 

ecosystem health because they are easily tracked and respond to large- and small-scale changes 

in the environment (Carignan and Villard 2002). These responses include shifts in occurrence 

(Villard et al. 1995), abundance (Mazerolle and Villard 1999), and reproductive success (Villard 

et al. 1993) during ecological changes. Birds also typically respond to the environmental changes 

with seasonal shifts sometimes by migrating (Salewski and Bruderer 2007). Phenology in desert 

ecosystems can vary widely due to the extreme variation in temperature and precipitation 

inherent in these climates (Henen et al. 1998). For animals that rely on or associate with plants 

for resources (nectar, fruit, seeds, etc.), timing is critical (Buler et al. 2007). For example, floral 

and fruiting timing of plants (Schwartz 2003; Beatley 1974; Jordan and Nobel 1982; Nobel and 

Hartsock 1981) is critical for the success of birds during migration breeding seasons (Sillett and 

Holmes 2002; Runge and Tulloch 2017; Fahse et al. 1998). Therefore, it is important to explore 

bird-plant interactions at different plant reproductive stages.  

Climate change can introduce many novel drivers of change in natural systems and 

exacerbate existing challenges to local biota. Specifically, climate change can generate 

phenological mismatches in desert bird and plant communities by shifting the timing of 

flowering and fruiting that animals fail to equally react to the changing climate (Kellermann and 

van Ripper III 2015). The changes in these desert systems will further intensify the frequency, 

strength, and duration of severe weather events such as droughts (Ye and Grimm 2013), mega-

droughts (i.e. long-term sustained inter-annual drought events) (Williams et al. 2020), and 

significantly warming annual temperatures (Kunkel et al. 2013). If foundation species are 
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extirpated or become functionally extinct locally, other species can also disappear (Berger et al. 

2008; Säterberg et al. 2013). Desert bird communities have already severely declined primarily 

due to desert climate change (Iknayan and Beissinger 2018) because increased temperatures in 

already hot ecosystems are linked with decreases in the frequency of trophic interactions (Plessis 

et al. 2012). Many of these threatened interactions are species-specific and thus cannot be 

restored after their disappearance (Valiente-Banuet et al. 2015).  

 

Research Objectives 

 In this study, two common desert foundation plant species and the resident avian 

community were examined to explore the relative importance and sensitivity to change of the 

avian association patterns. I tested the hypothesis that birds associate with different foundation 

species in deserts as microhabitats and temporal shifts in plant flowering and fruiting changes the 

frequency and nature of these associations. I used association patterns through time and at fine 

spatial scales to test the following predictions. (1) The abundance, richness, and diversity of a 

desert avian community is greater near foundation plants relative to open-gap microhabitats 

without a foundation plant. (2) The bird-plant associations estimated by observed bird 

behaviours will vary across microhabitats (cactus, shrub, or open) and by season (spring versus 

summer) because of changes in plant and bird reproductive timing. 
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Methods  

Study Site  

 The field work was conducted at the Sweeney Granite Mountains Desert Research Center 

(34°48′20″N 115°39′50″W) in the Mojave Desert (Appendix A Fig. 4). The elevation of the 

3600 hectares of land ranges from 1128 to 2071 m and is not accessible to the public and is thus 

safe from visitor disturbance (“Reserve Facts,” n.d.). Rainfall varies significantly throughout the 

year with a mean annual precipitation ranging from 34 to 310 mm per year (Urban et al. 2009), 

and typically no precipitation in the summer months. The July maximum and minimum 

temperatures are 33 C and 20 C, respectively, and the December maximum and minimum 

temperatures are 8 C and -1 C, respectively (“Reserve Facts,” n.d.). The site is dominated by 

perennial woody and succulent shrubs such as Cylindropuntia acanthocarpa, Yucca mohavensis, 

Larrea tridentata, Ambrosia salsola, Pinus monophylla, and numerous other shrub species 

(André 2006). There have been 159 birds, 42 mammals, 35 reptiles, 2 amphibians, and 504 

species of vascular plants documented at the reserve (Gurin et al. 2012; “Mammals of the 

Granite Mountains,” n.d.; Stewart and Lappin 2008; André 2006).  

Study species  

 While the Mojave boasts an array of diverse plants, a handful of foundational plant 

species dominate the landscape. Cylindropuntia acanthocarpa, or Buckhorn Cholla, is a shrub-

like cactus with an irregular branching pattern (Pinkava 1999). Larrea tridentata, or Creosote 

Bush, is a large, long-lived deciduous shrub that is a highly reliable floral producer due to its low 

rainfall threshold (Bowers and Dimmitt, 1994). Yucca schideigera, or Mojave Yucca, is a 

flowering plant native to the region with several specialist and generalist relationships to fauna of 
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the region. While there are many other plant species found in the study site, these three are the 

most abundant plant species and accounted for the greatest number of interactions documented in 

this study. Mojave Yucca, however, was included as a cactus in my study due to its succulent 

leaves ending in sharp points which make it functionally similar to other cacti in the region. All 

three of these species have been documented as foundation species in the region (Smith 1995; 

Schafer et al. 2012). During the spring surveys, these three species were flowering; in summer, 

however, all three had fleshy fruits available.  

 The avian community of the Mojave Desert includes typical species of the American 

Southwest but is also home to desert obligate species which rely on plant species only found in 

wild desert areas (e.g. the Cactus Wren, Campylorhynchus brunneicapillus). There are over 159 

bird species documented frequenting the Sweeney Granite Mountains Desert Research Center 

protected area (Gurin et al. 2012). The most common bird documented over both seasons was 

Amphispiza bilineata, or the Black-throated Sparrow. An insectivore, herbivore, and granivore, 

this year long resident of southwestern deserts (De Graaf et al. 1985) was seen or heard at every 

sampling replication in 2019 during this experiment.  

Experimental Design  

 We conducted observations during 27 surveys from 5/1/2019 to 5/10/2019 for spring 

observations and repeated 20 surveys recording the observations for summer from 8/14/2019 to 

8/24/2019. A 500-meter line transect was used over two-hour period blocks to sample the bird 

community from 7-10am or 5-8pm, depending on daily temperatures. Two individual line 

transects were used and spaced 80 meters apart. The starting coordinates for transects 1 and 2 

were (34.78299, -115.662) and (34.78303, -115.663), respectively. A single observer familiar 

with the local bird species recorded all visual or auditory bird cues and identified each 
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observation to species. Some female or juvenile hummingbirds were identified only to family 

due to the visual similarity between species. In each instance, microhabitat was also recorded as 

specifically as possible. After recording, each microhabitat was binned into one of three 

categories: cactus, shrub, or open. As most non-shrub or non-cactus spaces constituted a 

relatively open microhabitat, this included some vegetative areas, but none with the level of 

heterogeneity that shrubs or cacti provide to their open surroundings. In addition to species, I 

also recorded behaviour as designated by an ethogram (Appendix C: Table 8), microhabitat, 

geographic coordinates, the time of the sighting/hearing, and an estimate of the distance from the 

transect (<25 meters, 25-50 meters, or >50 meters). I only included visual observations of birds 

in microhabitat and behavioural analyses for two reasons: 1) Birds that were heard but not seen 

could not be documented at any microhabitat, and 2) birds may have been exhibiting behaviors 

which should be prioritized over singing or calling as defined by the ethogram, but these 

behaviors could not be observed. Flyovers (defined as birds flying roughly 25 feet above the 

highest vegetation at site that did not land within sight) were not included as observations. I also 

took photographs of birds using a Nikon D5300 camera equipped with a Sigma 150-600mm lens 

which served as identification aids and behavioural/microhabitat records (Owen 2020). 

Statistical Analyses  

 Behaviour and microhabitat were treated as dependent variables for each independent 

bird observation documented. Behavioural observations were then categorized into broader 

behaviours (active movement, cleaning, feeding, inactive, and territorial/mating). Microhabitats 

were classified as cactus, shrub, or open gap. Trophic guild and migratory class abundances, 

defined as the number of individuals within a trophic guild or migratory class at a seasonal 

microhabitat during a particular survey, were used to define functional diversity in further 
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detailed analyses. I categorized all observed species into trophic guilds using “Foraging Guilds 

of North America” (De Graaf et al.1985) and into migratory classes using Common Birds of the 

Sweeney Granite Mountains Desert Research Center (Gurin et al. 2012). Taxonomic diversity 

was recorded to species level and is thus represented in the primary statistical analyses.  

 Generalized linear models (GLM) were used to compare bird abundance, richness, 

diversity, trophic guild abundance, migratory class, or behaviour with microhabitat type and 

season while including average maximum air temperature for the hour and survey replication as 

random factors (Donald et al. 2001; Morris et al. 2014). Species, trophic guild, or migratory class 

abundance (A) are defined in this study as the number of individuals represented in each species, 

trophic guild, or migratory class. Species richness (R) is the number of species in a community 

(i.e. a seasonal microhabitat during one survey). Diversity is represented as the Shannon Index, a 

biodiversity measure which accounts for rare species, more so than Simpson’s Diversity which 

more heavily incorporates species evenness. I then compared contrasted terms using estimated 

marginal means (using the emmeans function in R). I repeated these analyses excluding the 

Black-throated Sparrow, which made up ~36% of observations, to account for the skew this 

abundant species may have imposed on the data. All models were tested for overdispersion using 

the dispersion.test function in R and fit to either a quasi-poisson or gaussian distribution as 

appropriate. Additionally, to explore how species composition changed between seasonal 

microhabitat communities, I conducted a Non-metric Multidimensional Scaling analysis 

followed by a PERMANOVA (Legendre and Legendre 1998). I set the reduced dimensions to 2 

for the NMDS and used the Bray-Curtis method of distance calculation for the PERMANOVA.  

 All analyses were performed in R version 4.0.2 (R Dev team 2020), and all R Markdown 

code is published on Zenodo (Owen and Lortie 2020a). Photo documentation of birds are 
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published at Figshare (Owen 2020), and a complete dataset of bird observation are published in 

the Knowledge Network for Biocomplexity Data Repository (Owen and Lortie 2020b).  

 

Results  

 I visually observed 755 birds and heard 467 birds during both seasons for a total of 1222 

bird records over a total of 94 hours, though our spring observations had six additional surveys. 

However, because birds that were not seen could not be classified by microhabitat or behaviour 

at the same level of fineness as visually observed species, those 467 heard-only birds were not 

included in the subsequent data analysis. During the spring, 539 individual birds were visually 

observed, and 216 birds were visually observed in summer.  

  There were more individual birds observed in spring than in summer (Fig. 1; Table 1; 

post-hoc contrast at p = 0.0327). The highest species richness of birds detected within the 

community were associated with shrubs in the spring (Fig. 1; Table 1; GLM; p = 0.024; post-hoc 

contrast at p = 0.0144). Similarly, bird diversity was also greatest at shrubs in spring  (Shannon 

index, Fig. 1; Table 1; GLM; p = 0.0001; post-hoc contrast at p = 0.0038). Open microhabitats in 

summer had the lowest bird species richness and biodiversity (Fig. 1; Table 1; Richness: GLM; p 

= 0.024; post-hoc contrast at p < 0.0001; Shannon index: GLM; p = 0.0001; post-hoc contrast at 

p = 0.0216). The total abundances of birds were, however, greatest at open microhabitats in 

summer and smallest at open microhabitats in spring (Fig. 1; Table 1; GLM; p = 0.0254; post-

hoc contrast at p = 0.0327). To explore sensitivity to dominant species and to highlight abundant 

species, I conducted a second set of GLMs that reanalyzed the datasets excluding the most 

common species (the Black-throated Sparrow). All findings were robust and consistent with my 
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previous findings that had included the Black-throated Sparrow (Appendix D). Bird trophic guild 

abundances were highest at shrubs in spring (Fig. 1; Table 2; GLM; p = 0.0233; post-hoc 

contrasts at p = 0.0384, respectively). However, there was no difference in the abundance of 

birds by migratory class between microhabitats or by season (Fig. 1; Table 1; p = 0.318). There 

was no significant difference between the composition of the avian communities by season or by 

microhabitats (Appendix E Table 10 and Figure 4;  PERMANOVA; F2 = 1.523; R2 = 0.0081; p = 

0.178). 

 The most frequent activity observed was territorial behaviours in the spring at shrubs 

(Fig. 2; Table 3; GLM; p-value < 0.0001; post-hoc contrast at p = 0.0291). Cleaning behaviours 

were the least common, and I observed cleaning at shrubs four times in spring and once in the 

summer (Fig. 2; Table 3; GLM; p-value < 0.0001; post-hoc contrast at p = 0.0291). Feeding, 

active, and cleaning behaviors at all communities were equally frequent (Fig. 2; Table 3; GLM; 

p-value < 0.0001).  

 

Discussion  

 The relative importance of two foundation plant species for the avian community was 

examined through associational pattern analyses by season. The hypothesis that birds use 

different foundation species in deserts as microhabitats and plant flowering and fruiting shifts 

these interactions was supported. The prediction that birds will associate with foundation plants  

was supported because bird species richness, biodiversity, and trophic guild abundances were 

higher at foundation plants. Diverse bird communities were most likely to be associated with 

foundation shrubs rather than at open or cacti microhabitats. This suggests that while all 
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foundation plant species do not benefit all species equally at a given site within a region, they are 

still important for community composition (Ellison 2019). Foundation plants can provide food 

resources to small animals (Thompson et al. 1991) in addition to shelter from harsh abiotic 

conditions and from predators (Westphal et al. 2018). Both mechanisms were likely relevant 

drivers of the observed bird-plant association patterns in this system. The second prediction that 

foundation plants support certain behaviors was also supported because bird behaviour varied by 

season and microhabitat. Birds used foundation plant species for structural purposes as I 

observed increased territorial displays at shrubs in the spring. Nectarivores (like hummingbirds), 

frugivores (like orioles), and omnivores (like sparrows) engaged in trophic interactions at 

foundation plants; however, trophic behaviours were much less common compared to territorial 

behaviours, though feeding behaviours were still more common at foundation plants than in open 

microhabitats. Facilitation theory for plant-animal interactions was supported for bird 

communities. While non-trophic benefits were particularly important for birds, the value of 

trophic interactions was still evident. 

 Seasonality bring shifts in both abiotic and biotic factors relevant to ecological 

interactions between plants and animals. In this study, desert bird communities strongly 

associated with shrubs in spring but not summer. My findings support previous work detailing 

the importance of foundation shrub species on desert animal behaviours such as foraging, 

mating, and thermoregulation (Aukemab and Martínez Del Rio 2002; Bauwens et al. 1996; 

Westphal et al. 2018). In spring, many plants undergo a blooming period that provides direct 

facilitation to nectarivores (and pollination is provided to the plants by the pollinators) (Linhart 

and Feinsinger 1980). During this season, much of the bird community is undergoing migration, 

a particularly stressful period in bird life histories (Rathcke and Lacey 1985; Guglielmo et al. 
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2001; Rattenborg et al. 2004). Migration can lead to increased physical stress which requires 

stopovers at resting sites (Gutierrez et al. 2019). Spring shrubs also facilitate plant-animal-animal 

interactions by providing services to insects, which then are a resource for insectivores (Braun 

and Lortie 2019; Ruttan et al. 2016) such as birds. These results fall neatly within the well-

documented idea that animals must behaviourally adapt to harsh environments and situations 

(Filazzola et al. 2017; Peinetti et al. 2011), with birds adapting to an intense desert climate by 

taking advantage of shrubs as physical structures in less stressful periods like spring 

 However, food availability was not the primary driver of bird community diversity at 

shrub microhabitats. Birds in this system were typically observed associating with shrub 

microhabitats for their structural benefits, i.e. perching sites for territorial displays. Territorial 

displays allow birds to express honest signals to potential mates (Searcy et al. 2006) and provide 

population information to conservationists (Lewis et al. 2020). These findings support previous 

research that shrubs are valuable to migrating birds in the spring when they are seeking new 

territories (Lima 2009) and that perching sites are used differently for foraging and territorial 

displays (Collins 1981; Beck and George 2000). The expression of these behaviors is necessary 

for birds to maintain social connections and territories, both of which are important for bird 

reproductive success (Wilkins et al. 2013; Cooney et al. 2018). 

 Habitat heterogeneity, being a distinction between microsites along a niche dimension, 

was observed as important for bird community composition. Open and cactus microhabitats 

supported some birds though to a much lesser extent than shrubs in both spring and summer and 

were functionally equivalent. Abiotic factors such as ultraviolet radiation, water scarcity, and 

heat are more intense in summer, which accounts for the lower diversity of many vertebrate 

species in open microhabitats in deserts (Koyama 2015). However, we observed some birds at 
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cacti and open microhabitats, which can provide seeds and nest sites to birds (Simons and Martin 

1990; Kelt et al. 2004). For example, when seeds and fruit begin to drop beneath the canopy of 

the mother plant, seed predators (i.e. granivorous birds) forage for these trophic resources 

(Racskó et al. 2007; Janzen 1970); but this is equally common in open areas (Milesi et al. 2019). 

However, summer foraging at open sites was not observed in this study, and thus is likely not a 

reasoning for desert birds to be in open sites. Additionally, ground nesting is obligatory for some 

desert bird species, and species can nest in the open and not under canopies in deserts (Kozma 

and Mathews 1997). Cacti provide cover from predators and unique nesting habitat to birds like 

the Cactus Wren and the Black-throated Sparrow, as well as many other vertebrates (Kozma and 

Mathews 1997). While cacti can provide these services to many species, the family Cactaceae is 

morphologically diverse (Boke 1980) and unique cactus species thus provide functionally 

different opportunities for animals. Because many positive interactions are species-specific 

(Filazzola et al. 2020; Callaway 1998; Bonanomi et al. 2011), my findings that cacti were not 

any more valuable to birds than open microhabitats may be different in other desert 

communities. For example, perch height differences are important determinants for bird perch 

use (Portugal et al. 2017; Polak 2014). The higher level of bird diversity at one particular 

microhabitat (i.e. shrubs) thus does not exclude the value other microhabitat types, but instead 

suggests that, even in times of trophic resource abundance such as spring, ecosystem 

heterogeneity is important for many species within a desert bird community. Indeed, the 

importance of cacti for birds in regions with other dominant cactus species has been well-

documented (Drezner 2014). Bird species richness has recently been linked to habitat 

heterogeneity throughout many ecosystems (Farwell et al. 2020), though my study supports these 
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findings at an even finer scale. Ultimately, diverse plant microhabitats across a landscape support 

diverse bird communities.  

 While spring shrubs offer stopover refuge for migrating birds and perches for territorial 

displays, summer also brings certain resources to bird communities. During summer, there is 

increased fruit production for frugivorous birds in many ecosystems (McGrath et al. 2009), and 

this is true at my study site as well. Despite these benefits of summer, the intense environmental 

conditions previously mentioned often result in a decrease in bird diversity from spring to 

summer in deserts (Tonkin et al. 2017; Boyles et al. 2017; Geiser and Ruf 1995), and thus a 

fewer number of bird individuals in summer was expected. Indeed, open microhabitats in 

summer became nearly vacant in regard to species richness and diversity. Increased seasonal 

temperatures in summer pressure birds to avoid hotter areas in the open, as has been documented 

among other vertebrates (Ivey et al. 2020). Open gaps between vegetation in deserts are 

particularly harsh for animals and plants due to increased seasonal temperatures (Ivey et al. 

2020; Lortie et al. 2016; Smith et al. 2018), and this decrease in bird richness and diversity from 

spring to summer suggests that temperatures at fine scales can be an environmental limitation for 

bird communities (Barrientos et al. 2007). Changes in biodiversity due to the arrival and 

departure of migratory species (in addition to anthropogenic impacts) have been shown to 

influence resident species’ success in reproduction and resource acquisition (Cox 1968; 

Greenberg et al. 1993; Ramírez-Cruz et al. 2020). My study supports previous work that has 

clearly documented avoidance by vertebrates of open gaps in desert summer landscapes. 

 Season and microhabitat influenced species richness and diversity, but bird abundance 

was not different by season and microhabitat. This may be due to the presence of several 

generalist species which dominate the desert bird community, the most common in this study 
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being the Black-throated Sparrow. Because generalists may associate with multiple 

microhabitats more than specialists which obligately associates with different microhabitats 

across a heterogeneous landscape, this may inflate the number of individuals at a site only 

amenable to a generalist. Generalist birds have thrived as invasive, non-native species across the 

globe, with high counts of generalists found throughout many homogenous environments  

(Chace and Walsh 2006; Schneiberg et al. 2020; Vallejos et al.  2016). Trends among bird 

community composition in this heterogenous ecosystem did not shift when I excluded this 

common species. The preservation of the importance of shrubs in spring for the entire bird 

community after these exclusion analyses showed that foundation plant microhabitats are 

important to the bird community at large, not just for a common species.  

 

Future Directions, Implications, and Conclusions 

 The reproductive output of plants can influence bird visitation. Different floral syndromes 

(such as flower number, scent, color, and height) determine pollinator visitation for animal-

pollinated plants (Faegri and van der Pijl 1979), and fruit production is connected with 

endozoochoric seed dispersal (Gelmi-Candusso et al. 2017). However, these studies frequently 

focus solely on the reproductive success of plants and not the success of the nectarivore or 

frugivore. Birds are not only the beneficiaries in bird-plant interactions, but they can provide 

service to foundation plants by distributing seeds in areas surrounding their perch (Holl 1998). 

Understanding how birds provide reproductive services to foundation plants will further advance 

how habitat is maintained and created by plants. Thus, research that is able to both document 
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association patterns and better estimate reciprocity will help conservationists make predictions 

about how certain restoration efforts will indirectly impact other taxa.  

 Future work can also examine the importance of structural characteristics for bird 

communities. Benefactor rocks have been shown to facilitate plants and provide habitat for 

desert birds (Peters et al. 2008; Warning and Benedict 2015). Plant architecture, i.e. the nature 

and relative arrangement of a plant’s parts (Barthélémy et al. 2007), has already been 

documented as important for bird communities, and should be examined in desert ecosystems 

more fully. Perch height is an important influencer of bird aggression, and thus plant and branch 

height should continue to be explored. Anthropogenic development of the American Southwest 

has provided an abundance of structures that may be beneficial to birds, such as fence posts and 

solar panels (Prather and Messmer 2010). However, these artificial structures may have negative 

implications such as the loss of seed dispersal over a landscape as birds over-use towers and 

poles. Careful attention should be paid to comparisons between these natural and non-natural or 

biotic and abiotic structures to see what native species are restored through these interactions and 

how they are mixed, locally.  

 Environmental managers and conservationists must make restoration decisions regarding 

planting, genetic management, and distribution of expensive resources like seeds, seedlings, and 

fencing (among other things) to support plant growth (Aavik and Helm 2018). Commonly, 

managers may resort to planting one easily accessible plant species that is functionally similar to 

a rarer plant to provide microhabitat at lower costs and effort (Holl and Howarth 2000). 

However, birds (and likely other vertebrate species) require a range of microhabitats in 

environments with varying degrees of stress and varying types of pressures so as to exclude 

competitors; for successful, community-wide restoration efforts, this shifting range of needs 
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must be fully considered. By protecting current plant diversity and investing in a diverse set of 

plant microhabitats when restoring degraded habitat, managers may better protect bird 

communities which rely on habitat heterogeneity.  
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Figures & Tables 

 
Figure 1: Comparative Boxplots of (A) species abundance, (B) species richness, (C) species 

diversity as the Shannon Index, (D) trophic guild abundance, and (E) migratory class abundance 

of all visually observed birds at either cacti, shrub, or open microhabitats in both spring (N=27) 
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and summer (N=20). Purple diamonds represent the means value among surveys of each bird 

community metric. Shrubs in spring had the highest species richness (p = 0.024) and species 

diversity (p < 0.0001) relative to all other seasonal microhabitats.  

  

Figure 2: Species frequency as a percent of all observed avian species at cactus, shrub, and open 

microhabitats during spring and summer. More species and more individuals were present in 
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spring than in summer, with community variation being explained by a fewer number of species 

in summer than in spring.  

 

 

Figure 3: Comparative boxplots of the frequencies of behaviours exhibited by birds at cactus, 

shrub, and open microhabitats during spring and summer. The purple diamonds represent mean 
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frequencies of each behaviour with survey as the level of replication. The most common 

behaviour exhibited at a single seasonal microhabitat was territorial/mating behaviours at spring 

shrubs (p < 0.0001).
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Table 1: General linear models testing the responses taxonomic abundance, richness, and 

Shannon Diversity index to three microhabitats (shrub, cactus, and open) during two different 

seasons (spring and summer). Bold values show statistically significant models. 

 

Measure Effect d.f. Deviance Residuals P-value 

Species 

Abundance (A) Microhabitat 2 3.3587 0.3618 

 

Season 1 4.9182 0.0845 

 

Microhabitat x Season 2 12.1427 0.0254 

 

Survey 0 0 - 

 

Temperature 0 0 - 

Species Richness 

(S) Microhabitat 2 23.528 0.0071 

 

Season 1 121.103 <0.0001 

 

Microhabitat x Season 2 22.262 0.024 

 

Survey 0 0 - 

 

Temperature 0 0 - 

Shannon Index 

(H) Microhabitat 2 5.0558 0.0036 
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Season 1 26.459 <0.0001 

 

Microhabitat x Season 2 8.0337 0.0001 

 

Survey 0 0 - 

 

Temperature 0 0 - 

 

 

Table 2: General linear models testing function diversity metrics for bird communities, as 

defined by bird trophic guild and migratory class between three microhabitats (shrub, cactus, and 

open) during two different seasons (spring and summer). Bold values show statistically 

significant models. 

Measure Effect d.f. Deviance Residuals P-value 

Trophic Guild 

Abundance Microhabitat 2 14.6185 0.0363 

 

Season 1 0.1855 0.7718 

 

Microhabitat x Season 2 16.5826 0.0233 

 

Survey 0 0 - 

 

Temperature 0 0 - 
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Migratory Class 

Abundance Microhabitat 2 2.7772 0.6178 

 

Season 1 0.032 0.916 

 

Microhabitat x Season 2 6.6078 0.318 

 

Survey 0 0 - 

 

Temperature 0 0 - 

 

 

Table 3. General linear model testing for differences in behaviour frequency at three different 

microhabitats (shrub, cactus, and open sites) between two different seasons (spring and summer). 

Bold values show statistically significant models. 

Measure Effect d.f. Deviance Residual P-value 

Behaviour 

Abundance Microhabitat 2 20.282 0.0012 

 

Season 1 5.133 0.0642 

 

Behaviour 4 44.712 <0.0001 

 

Microhabitat x Season 2 4.011 0.2624 

 

Microhabitat x 

Behaviour 6 25.668 0.0088 
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Season x Behaviour 4 33.332 0.0002 

 

Microhabitat x Season x 

Behaviour 6 45.038 <0.0001 

 

Survey 0 0 - 

 

Temperature 0 0 - 

 

 

Table 4: The main hypothesis was tested using general linear models that include all species 

observed during line transect surveys. Species abundance, richness, or diversity were used 

metrics for taxonomic community structure dependent variables while trophic guild and 

migratory class abundance represented functional diversity metrics for community structure 

dependent variables.  

 

Model R Code 

Species abundance at 

different seasonal 

microhabitats 

glm(counts~microhabitat*season + (1 |survey) + (1|temp), family = 

quasipoisson, data = data_species) 

Species richness at 

different seasonal 

microhabitats 

glm(richness~microhabitat*season + (1 |survey) + (1|temp), family 

= gaussian, data = data_richness) 
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Shannon Index at 

different seasonal 

microhabitats 

glm(shannon~microhabitat*season + (1 |survey) + (1|temp), family 

= quasipoisson, data = data_diversity 

Species abundance of 

different behaviours at 

different seasonal 

microhabitats 

glm(totals~microhabitat*season*behaviour_simple + (1|survey) + 

(1|temp), family = quasipoisson, data = data_behaviour) 

Trophic guild abundance 

at different seasonal 

microhabitats 

glm(counts~microhabitat*season + (1 |survey) + (1|temp), family = 

quasipoisson, data = data_trophic) 

Migratory class 

abundance at different 

seasonal microhabitats 

glm(counts~microhabitat*season + (1 |survey) + (1|temp), family = 

quasipoisson, data = data_migratory) 

Black-throated Sparrow 

abundance at different 

seasonal microhabitats 

glm(counts~microhabitat*season*behaviour_simple + (1|survey) + 

(1|temp), family = quasipoisson, data = data_sparrow) 

 

 

 

 



 

28 
 

References:  

AAVIK, T. and A. HELM. 2018. Restoration of plant species and genetic diversity depends on 

landscape-scale dispersal. Restoration Ecology 26: S92–S102. 

ALMEIDA, A. DE and S.B. MIKICH. 2018. Combining plant–frugivore networks for describing the 

structure of neotropical communities. Oikos 127: 184–197. 

ANDRE, J. [online]. no date. Reserve Facts. <https://granite.ucnrs.org/?page{\_}id=28> (7 April 

2020). 

ANDRÉ, J.M. 2006. Vascular flora of the Granite Mountains. Crossosoma 32: 38–74. 

ANGELINI, C., A.H. ALTIERI, B.R. SILLIMAN and M.D. BERTNESS. 2011. Interactions among 

Foundation Species and Their Consequences for Community Organization, Biodiversity, and 

Conservation. BioScience 61: 782–789. 

ANON. 2019. Mojave National Preserve Tract and Boundary Data. NPS - Land Resources 

Division. 

ANON [online]. no date. Mammals of the Granite Mountains. 

<https://granite.ucnrs.org/?page{\_}id=57>. 

ARSENAULT, R. and N. OWEN-SMITH. 2002. Facilitation versus competition in grazing herbivore 

assemblages. Oikos 97: 313–318. 

AUKEMA, J.E. and C. MARTÍNEZ DEL RIO. 2002. Where does a fruit-eating bird deposit mistletoe 

seeds? Seed deposition patterns and an experiment. Ecology 83: 3489–3496. 

https://granite.ucnrs.org/?page%7B/_%7Did=28
https://granite.ucnrs.org/?page%7B/_%7Did=57


 

29 
 

BARRIENTOS, R., A. BARBOSA, F. VALERA and E. MORENO. 2007. Temperature but not rainfall 

influences timing of breeding in a desert bird, the trumpeter finch (Bucanetes githagineus). 

Journal of Ornithology 148: 411–416. 

BARTHÉLÉMY, D. and Y. CARAGLIO. 2007. Plant architecture: A dynamic, multilevel and 

comprehensive approach to plant form, structure and ontogeny. Annals of Botany 99: 375–407. 

BAUWENS, D., P.E. HERTZ and A.M. CASTILLA. 1996. Thermoregulation in a lacertid lizard: The 

relative contributions of distinct behavioral mechanisms. Ecology 77: 1818–1830. 

BEATLEY, J.C. 1974. Effects of Rainfall and Temperature on the Distribution and Behavior of 

Larrea Tridentata (Creosote-Bush) in the Mojave Desert of Nevada. Ecology 55: 245–261. 

BECK, M.J. and T.L. GEORGE. 2000. Song Post and Foraging Site Characteristics of Breeding 

Varied Thrushes in Northwestern California. The Condor 102: 93–103. 

BERGAMO, P.J., N. SUSIN STREHER, A. TRAVESET, M. WOLOWSKI and M. SAZIMA. 2020. 

Pollination outcomes reveal negative density-dependence coupled with interspecific facilitation 

among plants. Ecology Letters 23: 129–139. 

BERGER, K.M., E.M. GESE and J. BERGER. 2008. Indirect effects and traditional trophic cascades: 

A test involving wolves, coyotes, and pronghorn. Ecology 89: 818–828. 

BERTNESS, M.D., G.H. LEONARD, J.M. LEVINE, P.R. SCHMIDT and A.O. INGRAHAM. 1999. 

Testing the relative contribution of positive and negative interactions in rocky intertidal 

communities. Ecology 80: 2711–2726. 

BOKE, N.H. 1980. Developmental Morphology and Anatomy in Cactaceae. BioScience 30: 605–

610. 



 

30 
 

BONANOMI, G., G. INCERTI and S. MAZZOLENI. 2011. Assessing occurrence, specificity, and 

mechanisms of plant facilitation in terrestrial ecosystems. Plant Ecology 212: 1777–1790. 

BORST, A.C.W., W.C.E.P. VERBERK, C. ANGELINI, J. SCHOTANUS, J.W. WOLTERS, M.J.A. 

CHRISTIANEN, ET AL. 2018. Foundation species enhance food web complexity through non-

trophic facilitation. PLoS ONE 13: 1–15. 

BOWERS, J.E. and M.A. DIMMITT. 1994. Flowering Phenology of Six Woody Plants in the 

Northern Sonoran Desert. Bulletin of the Torrey Botanical Club 121: 215–229. 

BOYLES, J.G., N.C. BENNETT, O.B. MOHAMMED and A.N. ALAGAILI. 2017. Torpor patterns in 

desert hedgehogs (Paraechinus aethiopicus) represent another new point along a 

thermoregulatory continuum. Physiological and Biochemical Zoology 90: 445–452. 

BRAUN, J. and C.J. LORTIE [online]. 2019. Finding the bees knees: A conceptual framework and 

systematic review of the mechanisms of pollinator-mediated facilitation. Perspectives in Plant 

Ecology, Evolution and Systematics 36: 33–40. Elsevier. 

BRAUN, J. [online]. 2018. Pollinator-mediated interactions of foundation plants in the mojave 

desert. PhD thesis, York University. 

BRONSTEIN, J.L. 2009. The evolution of facilitation and mutualism. Journal of Ecology 97: 

1160–1170. 

BRUNO, J.F., J.J. STACHOWICZ and M.D. BERTNESS. 2003. Inclusion of facilitation into ecological 

theory. Trends in Ecology and Evolution 18: 119–125. 

BULER, J.J., F.R. MOORE and S. WOLTMANN. 2007. A multi-scale examination of stopover 

habitat use by birds. Ecology 88: 1789–1802. 



 

31 
 

BURNSIDE, R.J., A.L. BRIGHTEN, N.J. COLLAR, V. SOLDATOV, M. KOSHKIN, P.M. DOLMAN and 

A. TEN [online]. 2020. Breeding productivity, nest-site selection and conservation needs of the 

endemic Turkestan Ground-jay Podoces panderi. Journal of Ornithology. Springer Berlin 

Heidelberg. 

CALLAWAY, R.M. 1997. Positive interactions in plant communities and the individualistic-

continuum concept. Oecologia 112: 143–149. 

CALLAWAY, R.M. 1998. Are Positive Interactions Species-Specific? Oikos 82: 202–207. 

---. 2007. Positive Interactions and Interdependence in Plant CommunitiesFirst. Springer, 

Dordrecht. 

CALLAWAY, R.M. and L.R. WALKER. 1997. Competition and facilitation: A synthetic approach 

to interactions in plant communities. Ecology 78: 1958–1965. 

CARIGNAN, V. and M.-A. VILLARD [online]. 2002. Selecting Indicator Species to Monitor 

Ecological Integrity: A Review. Environmental Monitoring and Assessment 78: 45–61. 

CHACE, J.F. and J.J. WALSH. 2006. Urban effects on native avifauna: A review. Landscape and 

Urban Planning 74: 46–69. 

COCKBURN, A. and W.Z. LIDICKER. 1983. Microhabitat heterogeneity and population ecology of 

an herbivorous rodent, Microtus californicus. Oecologia 59: 167–177. 

COLLINS, S.L. 1981. A comparison of nest-site and perch-site vegetation structure for seven 

species of warblers. Wilson Bull. 93: 542–547. 



 

32 
 

COONEY, C.R., H.E.A. MACGREGOR, N. SEDDON and J.A. TOBIAS. 2018. Multi-modal signal 

evolution in birds: Re-examining a standard proxy for sexual selection. Proceedings of the Royal 

Society B: Biological Sciences 285. 

COX, G.W. 1968. The Role of Competition in the Evolution of Migration. Evolution 22: 180–

192. 

CRAIG, R. 1990. Foraging Behavior and Microhabitat Use of Two Species of White-Eyes 

(Zosteropidae) on Saipan, Micronesia. The Auk 107: 500–505. 

DAYTON, P.K. 1972. Toward an understanding of community resilience and the potential effects 

of enrichments to the benthos at McMurdo Sound, Antarctica. 

DE GRAAF, R.M., N.G. TILGHMAN and S.H. ANDERSON. 1985. Foraging Guilds of North 

American Birds. Environmental management 9: 493–536. 

DENNEY, D.A., M.I. JAMEEL, J.B. BEMMELS, M.E. ROCHFORD and J.T. ANDERSON. 2020. Small 

spaces, big impacts: contributions of micro-environmental variation to population persistence 

under climate change. AoB PLANTS 12: 1–21. 

DEVEREUX, C.L., R. SLOTOW and M.R. PERRIN [online]. 2000. Territoriality and habitat use of 

fiscal shrikes (Lanius collaris) in South Africa. The Ring 22: 95–104. 

DONALD, P.F., D.L. BUCKINGHAM, D. MOORCROFT, L.B. MUIRHEAD, A.D. EVANS and W.B. 

KIRBY. 2001. Habitat use and diet of skylarks Alauda arvensis wintering on lowland farmland in 

southern Britain. Journal of Applied Ecology 38: 536–547. 

DREZNER, T.D. 2014. The keystone saguaro (Carnegiea gigantea, Cactaceae): A review of its 

ecology, associations, reproduction, limits, and demographics. Plant Ecology 215: 581–595. 



 

33 
 

EBERT, T.A. 2006. Density dependent responses of Cacti, Cylindropuntia bigelovii and C. 

echinocarpa (Cactaceae), in the desert of Southern California, USA. Journal of Arid 

Environments 66: 609–619. 

ELLISON, A.M. [online]. 2019. Foundation Species, Non-trophic Interactions, and the Value of 

Being Common. iScience 13: 254–268. Elsevier Inc. 

FAEGRI, K. and L. VAN DER PIJL. 1979. Principles of Pollination Ecologythird. Elsevier B. V. 

FAHSE, L., W.R.J. DEAN and C. WISSEL. 1998. Modelling the size and distribution of protected 

areas for nomadic birds: Alaudidae in the Nama-Karoo, South Africa. Biological Conservation 

85: 105–112. 

FARWELL, L.S., P.R. ELSEN, E. RAZENKOVA, A.M. PIDGEON and V.C. RADELOFF. 2020. Habitat 

heterogeneity captured by 30-m resolution satellite image texture predicts bird richness across 

the United States. Ecological Applications 0. 

FILAZZOLA, A. and C.J. LORTIE. 2014. A systematic review and conceptual framework for the 

mechanistic pathways of nurse plants. Global Ecology 23: 1335–1345. 

FILAZZOLA, A., C.J. LORTIE, M.F. WESTPHAL and R. MICHALET. 2020. Species‐specificity 

challenges the predictability of facilitation along a regional desert gradient. Journal of Vegetation 

Science. 

FILAZZOLA, A., M. WESTPHAL, M. POWERS, A.R. LICZNER, D.A. SMITH WOOLLETT, B. JOHNSON 

and C.J. LORTIE [online]. 2017. Non-trophic interactions in deserts: Facilitation, interference, and 

an endangered lizard species. Basic and Applied Ecology 20: 51–61. Elsevier GmbH. 



 

34 
 

FRANCO, A.C. and P.S. NOBEL. 1989. Effect of Nurse Plants on the Microhabitat and Growth of 

Cacti. Journal of Ecology 77: 870–886. 

FUHLENDORF, S.D., R.W.S. FYNN, D.A. MCGRANAHAN and D. TWIDWELL. 2017. Heterogeneity 

as the Basis for Rangeland Management. In Rangeland systems processes, management and 

challenges (D.D. Brisk, ed.), pp. 169–196. Springer Open, Cham, Switzerland. 

GEISER, F. and T. RUF. 1995. Hibernation versus Daily Torpor in Mammals and Birds: 

Physiological Variables and Classification of Torpor Patterns. Physiological Zoology 68: 935–

966. 

GELMI-CANDUSSO, T.A., E.W. HEYMANN and K. HEER. 2017. Effects of zoochory on the spatial 

genetic structure of plant populations. Molecular Ecology 26: 5896–5910. 

GODINEZ-ALVAREZ, H., A. VALIENTE-BANUET and A. ROJAS-MARTINEZ. 2002. The Role of Seed 

Dispersers in the Population Dynamics of the Columnar Cactus Neobuxbaumia tetetzo. Ecology 

83: 2617–2629. 

GOROSTIAGUE, P. and P. ORTEGA–BAES. 2017. Pollination biology of Echinopsis leucantha 

(Cactaceae): passerine birds and exotic bees as effective pollinators. Botany 95: 53–59. 

GREENBERG, R., D.K. NIVEN, S. HOPP and C. BOONE. 1993. Frugivory and Coexistence in a 

Resident and a Migratory Vireo on the Yucatan Peninsula. The Condor 95: 990–999. 

GUGLIELMO, C.G., T. PIERSMA and T.D. WILLIAMS. 2001. A sport-physiological perspective on 

bird migration: Evidence for flight-induced muscle damage. Journal of Experimental Biology 

204: 2683–2690. 



 

35 
 

GUO, Q., D.B. THOMPSON, T.J. VALONE and J.H. BROWN. 1995. The Effects of Vertebrate 

Granivores and Folivores on Plant Community Structure in the Chihuahuan Desert. Oikos 73: 

251–259. 

GURIN, C., T. LA DOUX and S. COE. 2012. Checklist for Birds of the Granite Mountains. In pp. 

79–84First. Natural Reserve System University for California. 

GUTIÉRREZ, J.S., P. SABAT, L.E. CASTAÑEDA, C. CONTRERAS, L. NAVARRETE, I. PEÑA-

VILLALOBOS and J.G. NAVEDO. 2019. Oxidative status and metabolic profile in a long-lived bird 

preparing for extreme endurance migration. Scientific Reports 9: 1–11. 

HARRIS, J.A. 1916. The Variable Desert. The Scientific Monthly 3: 41–50. 

HE, Q., M.D. BERTNESS and A.H. ALTIERI. 2013. Global shifts towards positive species 

interactions with increasing environmental stress. Ecology Letters 16: 695–706. 

HENEN, B.T., C.C. PETERSON, I.R. WALLIS, K.H. BERRY, K.A. NAGY, K.H. BERRY and K.A. 

NAGY. 1998. Effects of Climatic Variation on Field Metabolism and Water Relations of Desert 

Tortoises. Oecologia 117: 365–373. 

HOLL, K.D. 1998. Do bird perching structures elevate seed rain and seedling establishment in 

abandoned tropical pasture? Restoration Ecology 6: 253–261. 

HOLL, K.D. and R.B. HOWARTH. 2000. Paying for restoration. Restoration Ecology 8: 260–267. 

IKNAYAN, K.J. and S.R. BEISSINGER. 2018. Collapse of a desert bird community over the past 

century driven by climate change. Proceedings of the National Academy of Sciences of the 

United States of America 115: 8597–8602. 



 

36 
 

IVEY, K.N., M. CORNWALL, H. CROWELL, N. GHAZIAN, E. NIX, M. OWEN, ET AL. 2020. Thermal 

ecology of the federally endangered blunt-nosed leopard lizard (Gambelia sila). Conservation 

Physiology 8: 1–11. 

JANZEN, D.H. 1970. Herbivores and the number of tree species in tropical forests. The American 

Naturalist 104: 501–528. 

JONES, C.G., J.H. LAWTON and M. SHACHAK. 1994. Organisms as Ecosystem Engineers. Oikos 

69: 373–386. 

JORDAN, P.W. and P.S. NOBEL. 1982. Height distribution of two species of cacti in relation to 

rainfall, seedling establishment, and growth. Botanical Gazette 143: 511–517. 

JORGENSEN, E.E. 2004. Small Mammal Use of Microhabitat Reviewed. Journal of Mammalogy 

85: 531–539. 

KAHLE, D. and H. WICKHAM [online]. 2013. ggmap: Spatial Visualizations with ggplot2. The R 

Journal 5: 144–161. 

KANE, J.M., K.A. MEINHARDT, T. CHANG, B.L. CARDALL, R. MICHALET and T.G. WHITHAM. 

2011. Drought-induced mortality of a foundation species (Juniperus monosperma) promotes 

positive afterlife effects in understory vegetation. Plant Ecology 212: 733–741. 

KELLERMANN, J.L. and C. VAN RIPPER III. 2015. Phenological Synchrony of Bird Migration with 

Tree Flowering at Desert Riparian Stopover Sites. In Publication of an organization other than 

the U.S. Geological survey pp. 133–144. 

KELT, D.A., P.L. MESERVE, M.L. FORISTER, L.K. NABORS and J.R. GUTIÉRREZ. 2004. Seed 

predation by birds and small mammals in semiarid Chile. Oikos 104: 133–141. 



 

37 
 

KOZMA, J.M., L.M. BURKETT, A.J. KROLL, J. THORNTON and N.E. MATHEWS. 2017. Factors 

associated with nest survival of Black-throated Sparrows, desert-breeding nest-site generalists. 

Journal of Field Ornithology 88: 274–287. 

KUNKEL, K.E., L.E. STEVENS, S.E. STEVENS and L. SUN [online]. 2013. Regional Climate Trends 

and Scenarios for the U.S. National Climate Assessment: Part 4. Climate of the U.S. Great 

Plains. 

<http://www.nesdis.noaa.gov/technical{\_}reports/NOAA{\_}NESDIS{\_}Tech{\_}Report{\_}1

42-4-Climate{\_}of{\_}the{\_}U.S. Great{\_}Plains.pdf>. 

LANDERO, J.P.C. and A. VALIENTE-BANUET. 2010. Species-specificity of nurse plants for the 

establishment, survivorship, and growth of a columnar cactus. American Journal of Botany 97: 

1289–1295. 

LEGENDRE, P. and L. LEGENDRE [online]. 1998. Numerical Ecology, 2nd editions. Elsevier 

Science, Amsterdam, The Netherlands. 

LEWIS, R.N., L.J. WILLIAMS and R.T. GILMAN. 2020. The uses and implications of avian 

vocalizations for conservation planning. Conservation Biology 00: 1–14. 

LINHART, Y.B. and P. FEINSINGER. 1980. Plant-Hummingbird Interactions: Effects of Island Size 

and Degree of Specialization on Pollination. Journal of Ecology1 68: 745–760. 

LONGLAND, W.S. and M.V. PRICE. 1991. Direct Observations of Owls and Heteromyid Rodents: 

Can Predation Risk Explain Microhabitat Use? Ecology 72: 2261–2273. 

http://www.nesdis.noaa.gov/technical%7B/_%7Dreports/NOAA%7B/_%7DNESDIS%7B/_%7DTech%7B/_%7DReport%7B/_%7D142-4-Climate%7B/_%7Dof%7B/_%7Dthe%7B/_%7DU.S.%20Great%7B/_%7DPlains.pdf
http://www.nesdis.noaa.gov/technical%7B/_%7Dreports/NOAA%7B/_%7DNESDIS%7B/_%7DTech%7B/_%7DReport%7B/_%7D142-4-Climate%7B/_%7Dof%7B/_%7Dthe%7B/_%7DU.S.%20Great%7B/_%7DPlains.pdf


 

38 
 

LORTIE, C.J., A. FILAZZOLA and D.A. SOTOMAYOR. 2016. Functional assessment of animal 

interactions with shrub-facilitation complexes: A formal synthesis and conceptual framework. 

Functional Ecology 30: 41–51. 

LORTIE, C.J., E. GRUBER, A. FILAZZOLA, T. NOBLE and M. WESTPHAL. 2018. The Groot Effect: 

Plant facilitation and desert shrub regrowth following extensive damage. Ecology and Evolution 

8: 706–715. 

MACÍAS-DUARTE, A., A.O. PANJABI, E.H. STRASSER, G.J. LEVANDOSKI, I. RUVALCABA-ORTEGA, 

P.F. DOHERTY and C.I. ORTEGA-ROSAS. 2017. Winter survival of North American grassland 

birds is driven by weather and grassland condition in the Chihuahuan Desert. Journal of Field 

Ornithology 88: 374–386. 

MASEKO, M.S.T., M.M. ZUNGU, D.A. EHLERS SMITH, Y.C. EHLERS SMITH and C.T. DOWNS 

[online]. 2019. High microhabitat heterogeneity drives high functional traits in forest birds in 

five protected forest areas in the urban mosaic of Durban, South Africa. Global Ecology and 

Conservation 18: e00645. Elsevier Ltd. 

MAZEROLLE, M.J. and M.A. VILLARD. 1999. Patch characteristics and landscape context as 

predictors of species presence and abundance: A review. Ecoscience 6: 117–124. 

MCAULIFFE, J.R. and E.P. HAMERLYNCK [online]. 2010. Perennial plant mortality in the Sonoran 

and Mojave deserts in response to severe, multi-year drought. Journal of Arid Environments 74: 

885–896. Elsevier Ltd. 

MCGRATH, L.J., C. VAN RIPER and J.J. FONTAINE. 2009. Flower power: Tree flowering 

phenology as a settlement cue for migrating birds. Journal of Animal Ecology 78: 22–30. 



 

39 
 

MILESI, F.A., J. LOPEZ DE CASENAVE and V.R. CUETO [online]. 2019. Are all patches worth 

exploring? Foraging desert birds do not rely on environmental indicators of seed abundance at 

small scales. BMC Ecology 19: 1–17. BioMed Central. 

MORRIS, E.K., T. CARUSO, F. BUSCOT, M. FISCHER, C. HANCOCK, T.S. MAIER, ET AL. 2014. 

Choosing and using diversity indices: Insights for ecological applications from the German 

Biodiversity Exploratories. Ecology and Evolution 4: 3514–3524. 

NARANGO, D.L., D.W. TALLAMY and P.P. MARRA [online]. 2017. Native plants improve 

breeding and foraging habitat for an insectivorous bird. Biological Conservation 213: 42–50. 

Elsevier. 

NOBEL, P.S. and T.L. HARTSOCK. 1981. Shifts in the optimal temperature for nocturnal CO2 

uptake caused by changes in growth temperature for cacti and agaves. Physiologia Plantarum 53: 

523–527. 

OWEN, M.B., C.T. LAMBERT, B. KEANE and N.G. SOLOMON. 2019. Influence of Vegetation 

Characteristics at and Near Nests on Female Prairie Vole (Microtus ochrogaster) Survival and 

Reproductive Success. The American Midland Naturalist 181: 170. 

OWEN, M. and C. LORTIE. 2020a. Mojave Desert Bird Survey Photos 2019. 

---. 2020b. Mojave Desert Bird Microhabitat and Behavioral Line Transect Observations. 

--- [online]. 2020c. Desert Bird Microhabitat Associations Analyses. 

<http://doi.org/10.5281/zenodo.3946587>. 

http://doi.org/10.5281/zenodo.3946587


 

40 
 

PEINETTI, H.R., E.L. FREDRICKSON, D.P.C. PETERS, A.F. CIBILS, J.O. ROACHO-ESTRADA and 

A.S. LALIBERTE. 2011. Foraging behavior of heritage versus recently introduced herbivores on 

desert landscapes of the American Southwest. Ecosphere 2: 1–14. 

PETERS, E.M., C. MARTORELL and E. EZCURRA. 2008. Nurse rocks are more important than nurse 

plants in determining the distribution and establishment of globose cacti (Mammillaria) in the 

Tehuacán Valley, Mexico. Journal of Arid Environments 72: 593–601. 

PINKAVA, D.J. 1999. Cactaceae Cactus Family: Part Three: Cylindropuntia (Engelm.) Knuth 

Chollas. Journal of the Arizone-Nevada Academy of Science 32: 32–47. 

PLESSIS, K.L. DU, R.O. MARTIN, P.A.R. HOCKEY, S.J. CUNNINGHAM and A.R. RIDLEY. 2012. The 

costs of keeping cool in a warming world: Implications of high temperatures for foraging, 

thermoregulation and body condition of an arid-zone bird. Global Change Biology 18: 3063–

3070. 

POLAK, M. [online]. 2014. Relationship between traffic noise levels and song perch height in a 

common passerine bird. Transportation Research Part D: Transport and Environment 30: 72–75. 

Elsevier Ltd. 

PORTUGAL, S.J., L. SIVESS, G.R. MARTIN, P.J. BUTLER and C.R. WHITE. 2017. Perch height 

predicts dominance rank in birds. Ibis 159: 456–462. 

PRATHER, P.R. and T.A. MESSMER. 2010. Raptor and Corvid Response to Power Distribution 

Line Perch Deterrents in Utah. Journal of Wildlife Management 74: 796–800. 

PRICE, M.V. 1978. The Role of Microhabitat in Structuring Desert Rodent Communities. 

Ecology 59: 910–921. 



 

41 
 

RACSKÓ, J., G.B. LEITE, J.L. PETRI, S. ZHONGFU, Y. WANG, Z. SZABÓ, ET AL. 2007. Fruit drop: 

The role of inner agents and environmental factors in the drop of flowers and fruits. International 

Journal of Horticultural Science 13. 

RAMÍREZ-CRUZ, G.A., I. SOLANO-ZAVALETA, M. MÉNDEZ-JANOVITZ and J.J. ZÚÑIGA-VEGA. 

2020. Demographic and spatial responses of resident bird populations to the arrival of migratory 

birds within an urban environment. Population Ecology 62: 105–118. 

RATHCKE, B. and E.P. LACEY. 1985. Phenological patterns of terrestrial plants. Annual review of 

ecology and systematics 16: 179–214. 

RATTENBORG, N.C., B.H. MANDT, W.H. OBERMEYER, P.J. WINSAUER, R. HUBER, M. WIKELSKI 

and R.M. BENCA. 2004. Migratory sleeplessness in the white-crowned sparrow (Zonotrichia 

leucophrys gambelii). PLoS Biology 2. 

RUNGE, C. and A.I.T. TULLOCH. 2017. Solving problems of conservation inadequacy for 

nomadic birds. Australian Zoologist 39: 280–295. 

RUTTAN, A., A. FILAZZOLA and C.J. LORTIE [online]. 2016. Shrub-annual facilitation complexes 

mediate insect community structure in arid environments. Journal of Arid Environments 134: 1–

9. Elsevier Ltd. 

SALEWSKI, V. and B. BRUDERER. 2007. The evolution of bird migration–A synthesis. 

Naturwissenschaften 94: 268–279. 

SANDEL, B. 2015. Towards a taxonomy of spatial scale-dependence. Ecography 38: 358–369. 

SARACCO, J.F., J.A. COLLAZO and M.J. GROOM. 2004. How do frugivores track resources? 

Insights from spatial analyses of bird foraging in a tropical forest. Oecologia 139: 235–245. 



 

42 
 

SÄTERBERG, T., S. SELLMAN and B. EBENMAN. 2013. High frequency of functional extinctions in 

ecological networks. Nature 499: 468–470. 

SCHAFER, J.L., E.L. MUDRAK, C.E. HAINES, H.A. PARAG, K.A. MOLONEY and C. HOLZAPFEL 

[online]. 2012. The association of native and non-native annual plants with Larrea tridentata 

(creosote bush) in the Mojave and Sonoran Deserts. Journal of Arid Environments 87: 129–135. 

Elsevier Ltd. 

SCHNEIBERG, I., D. BOSCOLO, M. DEVOTO, V. MARCILIO-SILVA, C.A. DALMASO, J.W. RIBEIRO, 

ET AL. 2020. Urbanization homogenizes the interactions of plant-frugivore bird networks. Urban 

Ecosystems 23: 457–470. Urban Ecosystems. 

SCHWARTZ, M.D. 2003. Phenology: An integrative environmental science. In pp. 1–610Second. 

Springer Science+Business Media, New York. 

SEARCY, W.A., R.C. ANDERSON and S. NOWICKI. 2006. Bird song as a signal of aggressive 

intent. Behavioral Ecology and Sociobiology 60: 234–241. 

SIEGAL, Z., H. TSOAR and A. KARNIELI [online]. 2013. Effects of prolonged drought on the 

vegetation cover of sand dunes in the nw negev desert: Field survey, remote sensing and 

conceptual modeling. Aeolian Research 9: 161–173. Elsevier B.V. 

SILLETT, T.S. and R.T. HOLMES. 2002. Variation in survivorship of a migratory songbird 

throughout its annual cycle. Journal of Animal Ecology 71: 296–308. 

SIMONS, L.S. and T.E. MARTIN. 1990. Food Limitation of Avian Reproduction: An Experiment 

with the Cactus Wren. Ecology 71: 869–876. 



 

43 
 

SMITH, C.J., R.J. KRAMER, G. MYHRE, P.M. FORSTER, B.J. SODEN, T. ANDREWS, ET AL. [online]. 

2018. Understanding Rapid Adjustments to Diverse Forcing Agents. Geophysical Research 

Letters 45: 12, 023–12, 031. 

SMITH, F.A. 1995. Den Characteristics and Survivorship of Woodrats (Neotoma lepida) in the 

Eastern Mojave Desert. The Southwestern Naturalist 40: 366–372. 

STEWART, G.R. and A.K. LAPPIN. 2008. Amphibians and reptiles of the Seychelles. 

TEAM, R.C. [online]. 2020. R: A Language and Environment for Statistical Computing. R 

Foundation for Statistical Computing, Vienna, Austria. <https://www.r-project.org>. 

THOMPSON, D.B., J.H. BROWN and W.D. SPENCER. 1991. Indirect facilitation of granivorous 

birds by desert rodents: experimental evidence from foraging patterns. Ecology 72: 852–863. 

TONKIN, J.D., M.T. BOGAN, N. BONADA, B. RIOS-TOUMA and D.A. LYTLE. 2017. Seasonality 

and predictability shape temporal species diversity. Ecology 98: 1201–1216. 

URBAN, F.E., R.L. REYNOLDS and R. FULTON. 2009. The Dynamic Interaction of Climate, 

Vegetation, and Dust Emission, Mojave Desert, USA. In Arid environments and wind erosion 

(F.-B. A. & M.A. De La Rosa, eds.), pp. 1–62. Nova Science Publishers, Inc. 

VALIENTE-BANUET, A., M.A. AIZEN, J.M. ALCÁNTARA, J. ARROYO, A. COCUCCI, M. GALETTI, ET 

AL. 2015. Beyond species loss: The extinction of ecological interactions in a changing world. 

Functional Ecology 29: 299–307. 

VALLEJOS, M.A.V., A.A. PADIAL and J.R.S. VITULE. 2016. Human-induced landscape changes 

homogenize atlantic forest bird assemblages through nested species loss. PLoS ONE 11: 1–17. 

https://www.r-project.org/


 

44 
 

VILLARD, M.-A. and P.R. MARTIN. 1993. Habitat Fragmentation and Pairing Success in the 

Ovenbird (Seiurus aurocapillus). The Auk 110: 759–768. 

VILLARD, M.A., G. MERRIAM and B.A. MAURER. 1995. Dynamics in subdivided populations of 

neotropical migratory birds in a fragmented temperate forest. Ecology 76: 27–40. 

WARNING, N. and L. BENEDICT. 2015. Overlapping home ranges and microhabitat partitioning 

among Canyon Wrens (Catherpes mexicanus) and Rock Wrens (Salpinctes obsoletus). The 

Wilson Journal of Ornithology 127: 395–401. 

WESTPHAL, M.F., T. NOBLE, H.S. BUTTERFIELD and C.J. LORTIE. 2018. A test of desert shrub 

facilitation via radiotelemetric monitoring of a diurnal lizard. Ecology and Evolution 8: 12153–

12162. 

WIENS, J.A. 1973. Interterritorial Habitat Variation in Grasshopper and Savannah Sparrows. 

Ecology 54: 877–884. 

WILKINS, M.R., N. SEDDON and R.J. SAFRAN [online]. 2013. Evolutionary divergence in acoustic 

signals: Causes and consequences. Trends in Ecology and Evolution 28: 156–166. Elsevier Ltd. 

WILLIAMS, A.P., E.R. COOK, J.E. SMERDON, B.I. COOK, J.T. ABATZOGLOU, K. BOLLES, ET AL. 

2020. Large contribution from anthropogenic warming to an emerging North American 

megadrought. Science 368: 314–318. 

YE, L. and N.B. GRIMM. 2013. Modelling potential impacts of climate change on water and 

nitrate export from a mid-sized, semiarid watershed in the US Southwest. Climatic Change 120: 

419–431. 



 

45 
 

ZHANG, R. and K. TIELBÖRGER [online]. 2020. Density-dependence tips the change of plant–

plant interactions under environmental stress. Nature Communications 11: 1–9. Springer US. 

  



 

46 
 

Appendices  

Appendix A: Site Map 

 

Figure 4: Maps of American southwestern region, Mojave National Preserve, and study sit4e 

with all observations group by taxonomic order. Passiformes dominated this study (Kahle and 

Wickham 2013; Mojave National Preserve Tract and Boundary Data 2019). 

 

Appendix B: Species, trophic guild, and migratory class lists of all observation bird species and 

their frequencies throughout both seasons.  

Table 5: Excluding unidentifiable birds, 39 distinct species were observed in spring and summer 

2019 at the Granite Mountains site. In total, 755 individual birds were visually observed, 539 in 

spring and 216 in summer.  

Bird Species  Spring Abundance Summer Abundance 

Anna’s Hummingbird 10 0 

Ash-throated Flycatcher 23 1 
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Bewick’s Wren 0 3 

Black-chinned Hummingbird 1 0 

Black-headed Grosbeak 5 0 

Black-tailed Gnatcatcher 18 2 

Black-throated Sparrow 144 131 

Blue-gray Gnatcatcher 65 6 

Cactus Wren 1 11 

Costa’s Hummingbird 14 0 

Crissal Thrasher 1 5 

Gambel’s Quail 9 22 

Gray Flycatcher 3 0 

Greater Roadrunner 0 2 

Green-tailed Towhee 4 0 

Hammond’s Flycatcher 1 0 

Hooded Oriole 1 0 

House finch 9 0 

Loggerhead Shrike 0 3 
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MacGillivray’s Warbler 2 0 

Mourning Dove 25 0 

Nashville Warbler 1 0 

Northern Mockingbird 36 0 

Nuttall’s Woodpecker 0 1 

Nuttall’s/Ladderback 

Woodpecker Hybrid 

1 1 

Pacific-slope Flycatcher 2 0 

Phainopepla 33 0 

Rock Wren 36 0 

Say’s Phoebe 12 0 

Scott’s Oriole 0 5 

Townsend’s Warbler  3 0 

Verdin 18 9 

Violet-green Swallow 9 0 

Warbling Vireo 1 0 

Western Kingbird 0 1 

Western Wood-pewee 3 0 
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White-throated Swift 18 0 

Wilson’s Warbler 9 1 

Unknown Hummingbird 16 0 

Unknown Passerine 1 1 

Unknown 7 0 

 

Table 6: Migratory classes of all visually observed birds were mostly residents in both seasons.. 

Migratory Class Spring Abundance Summer Abundance 

Migrant 30 1 

Resident 358 201 

Summer resident 143 13 

Unknown 8 1 

 

Table 7: Trophic guilds of all visually observed birds were most commonly granivores and 

insectivores in spring and summer. 

Trophic Guild Spring Abundance Summer Abundance 

Carnivore 0 3 
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Frugivore 44 4 

Granivore 169 131 

Herbivore 9 22 

Insectivore 221 34 

Nectarivore 41 0 

Omnivore 47 21 

Unknown 8 1 

 

Appendix C: Bird Ethogram 

 

Table 8: Ethogram of bird behaviours observed during surveys. 

Behaviour Description 

Eating Fruit Eating part or whole of fruit from plant 

Pollinating 

Flower 

Body part (usually head or bill) sticks into flower and moves to a new flower 

on same or different plant 

Building nest Constructing nest at the location of nest site 

Occupied nest Sitting on nest 

Carrying nest 

materials Finding twigs, grass, hair, etc. and carrying in mouth to different location 
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Preening Using bill to clean feathers 

Singing Individual vocalizing for that species song 

Calling Individual vocalizing, but is not the species song 

Distraction 

Display 

Individual attempting to lure predator (may be observer) away from nest, 

often feigning injury or aggressive behaviour 

Copulation Male mounts female, may be very quick 

Foraging Searching for food, eating in place where food is found. 

Sparring Displaying aggressive behaviour towards another bird 

Fleeing 

Moving away from predator (may be observer) in a sudden fashion (not 

casually moving) 

Courtship 

Display Male displaying for female in physical display (not just singing) 

Feeding young Feeding nestlings (usually regurgitation). 

Carrying food Taking food from one place to another, distance greater than 5 meters 

Flying on plant Flying to multiple branches on same plant 

Flying between 

plants Flying from one plant to another without landed on ground 

Flying Flying from one point to another 
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Standing on 

Plant 

Standing without feet leaving same location, on top of a plant that supports 

weight of bird 

Standing on 

Ground 

Standing without feet leaving same location, on ground (ok if grass/small 

plants between bird and ground) 

 

 

Appendix D: Black-throated Sparrow Exclusion Results 

 

Table 9: Statistical output for general linear models testing taxonomic abundance, richness, and 

diversity at three microhabitats (shrub, cactus, and open) during two different seasons (spring 

and summer) when Black-throated Sparrows, the most commonly observed bird species, was 

excluded. These results are consistent (though not identical) with analyses including Black-

throated Sparrows. 

Measure Effect d.f. Deviance Residuals P-value 

Species Abundance 

(A) Microhabitat 2 3.1512 0.2832 

 

Season 1 0.0029 0.9617 

 

Microhabitat x Season 2 18.0492 0.0007 

 

Survey 0 0 - 

 

Temperature 0 0 - 
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Species Richness 

(S) Microhabitat 2 10.2451 0.0027 

 

Season 1 28.2986 <0.0001 

 

Microhabitat x Season 2 2.433 0.2446 

 

Survey 0 0 - 

 

Temperature 0 0 - 

Shannon Index (H) Microhabitat 2 6.018 0.0039 

 

Season 1 37.884 <0.0001 

 

Microhabitat x Season 2 5.2 0.0083 

 

Survey 0 0 - 

 

Temperature 0 0 - 

 

 

 

 

 

 

 

 

 

 



 

54 
 

Appendix E: Non-metric Multidimensional Scaling and PERMANOVA Results 

 

Figure 5: Non-metric Multidimensional Scaling of bird communities at seasonal microhabitats.  

Seasonal microhabitat communities were not statistically distinct from any other seasonal 

microhabitat communities within the first dimension (x-axis) or second dimension (y-axis). 

 

Table 10: A PERMANOVA of bird community NDMS scores by season and microhabitat.  

Effect DF Sum of Squares Mean Squares F Value R2 p-value 

Microhabitat 2 0.2078 0.1039 1.4983 0.00794 0.226 

Season 1 0.0893 0.0892 1.2869 0.00342 0.239 
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Microhabitat 

x Season 2 0.2212 0.1056 1.5225 0.00807 0.178 

Residuals 370 25.6625 0.0694 - 0.98058 

 

 


